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I. REAL PARTY IN INTEREST 

The real parties in interest are 1) the assignee, Reprise Biopharmaceutics, LLC, by virtue 
of an assignment from the inventor, as recorded at Reel 021 121, Frame 0562, and 2) its 
exclusive licensee, Serenity Pharmaceuticals Corporation. 

II. RELATED APPEALS AND INTERFERENCES 

This application is a continuation-in-part of international patent application 
PCT/US03/14463, filed on May 6, 2003, claiming the benefit of Great Britain application 
0210397.6. 

There are no pending appeals or interferences known to be related to the present appeal. 
Appellant currently intends to appeal the final rejection of U.S. Application 12/173,072, a 
continuation of the present application. 

A division of the present application, directed to methods of using compositions of the 
type claimed herein, has issued as U.S. Patent No. 7,405,203. A continuation of that division, 
again directed to methods of using the compositions, has issued as U.S. Patent No. 7,579,321. 
Copies are attached as Exhibits A and B. 

III. STATUS OF CLAIMS 

Claims 1-33 have been presented in the present application. Of these, claims 2, 5, 8 and 
10-26 have been canceled. As such, claims 1, 3-4, 6-7, 9 and 27-33 remain pending. 

Claims 1, 3-4, 6-7, 9 and 27-33 stand rejected and Appellant appeals the rejection of 
these claims. 

A copy of the rejected claims in the present appeal is provided in the claims appendix. 

IV. STATUS OF AMENDMENTS 

An amendment to the claims was filed under 37 C.F.R. § 1.116 on February 10, 2009. 
The amendment was not entered, as indicated in the Advisory Action of March 12, 2009. As 
such, the claims remain as presented on April 8, 2008. 
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Desmopressin is an analogue of the hormone vasopressin, and has been "prescribed for 
voiding postponement, incontinence, primary nocturnal enuresis, and nocturia" (Application, p. 
1, lines 20-26). However, "standard dosages of desmopressin have been shown to cause 
undesirable side-effects including high incidences of hyponatremia" (Application, p. 2, lines 21- 
23). Some patients receiving conventional desmopressin therapy have suffered hyponatremic- 
related seizures; in two cases, the patient died. See FDA Notice: Information for Healthcare 
Professionals: Desmopressin Acetate (marketed as DDAVP Nasal Spray, DDAVP Pvhinal Tube, 
DDAVP, DDVP, Minirin, and Stimate Nasal Spray), a copy of which is attached as Exhibit C, at 
p. 3. The FDA has therefore warned that conventional intranasal desmopressin "formulations 
are no longer indicated for the treatment of primary nocturnal enuresis" (FDA Notice, p. 1). 

The claimed invention provides novel pharmaceutical compositions and dosage forms 
that address the serious safety concerns of prior art desmopressin dosage forms. Specifically, 
dosage forms that induce a lower peak desmopressin concentration in a patient's bloodstream 
provide the therapeutic antidiuretic effects of desmopressin with excellent safety and tolerability 
(Application, Example 8). Desmopressin administration achieving a peak blood concentration 
that does not exceed 10 picograms per mL is novel and inventive over the prior art. See, for 
example, the Notice of Allowance in related U.S. Patent No. 7,405,203: 

The following is an examiner's statement of reasons for allowance: 

As amended above, the claims are distinguished over the art, as the art did 
not recognize achieving a Cmax of 10 pg/ml or less. For example, BENGTSSON 
(US Patent 5,763,398; PTO-1449, 5/4/07) teaches achieving a Cmax of 
approximately 400 pg/ml, however there is no teaching or suggesting in 
Bengtsson, or in combination with any other art of record, to lower the Cmax to 
10 pg/ml. (Exhibit D, pp. 4-5) 

The claimed pharmaceutical compositions and dosage forms are effective because Appellant 
discovered "desmopressin can produce this essential antidiuretic effect at much lower doses and 
lower blood concentrations than previously thought" (Application, p. 37, lines 9-11). Dosage 
forms that establish a lower peak concentration of desmopressin permit better control over the 
period of antidiuresis. As a result, urine production can resume at an appropriate time and 
hyponatremia (and its dangerous consequences) can be avoided. 
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Appellant has described and claimed dosage forms that decouple, for the first time, the 
important, therapeutic benefits of desmopressin from the dangers of conventional, prior art 
desmopressin formulations. 

Claim 1 

The invention of claim 1 is directed to a pharmaceutical composition comprising 
desmopressin and a pharmaceutically acceptable carrier 1 in a dosage form adapted for 
intranasal, transdermal, or intradermal administration 2 sufficient to establish in a patient a 
steady plasma/serum desmopressin concentration in the range of from about 0.1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum 3 and to decrease urine production. 4 The pharmaceutical composition 
comprises 0.5 ng to 20 ug of desmopressin.^ 

Claim 4 

The invention of claim 4 is directed to a pharmaceutical composition according to claim 
1 that comprises from about 0.1 ug to about 2 ug of desmopressin. 6 

Claim 6 

The invention of claim 6 is directed to a pharmaceutical composition according to claim 
1 in a dosage form adapted for transdermal delivery and comprising a patch, gel, cream, 
ointment, or iontophore. 7 

Claim 7 

The invention of claim 7 is directed to a pharmaceutical composition according to claim 
1 adapted for intradermal administration comprising a patch. 8 



1 Described in the application at, for example, page 4, lines 2-3. 

2 Such dosage forms are described in the application at, for example, page 24, lines 19-27, and in the table on page 
25. 

3 Described in the application at, for example, page 4, lines 4-8. 

4 Described in the application at, for example, page 25, lines 1-2, and from page 36, line 13, to page 37, line 12. 

5 Described in the application at, for example, page 4, lines 2-3. 

Described in the application at, for example, page 6, lines 20-21, and in the table on page 25. 
7 Such dosage forms are described in the application at, for example, page 24, lines 19-27, and in the table on page 
25. 
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Claim 9 

The invention of claim 9 is directed to a pharmaceutical composition according to claim 
1 in a dosage form sufficient to establish in a patient a steady plasma/serum desmopressin 
concentration in the range of from about 0.5 pkograms desmopressin per mL plasma/serum to 
about a maximum of 5.0 pkograms desmopressin per mL plasma/serum. 9 

Claim 27 

The invention of claim 27 is directed to a pharmaceutical dosage form comprising 
desmopressin and a pharmaceutically acceptable c airier 10 adapted for intranasal 
administration 11 which when administered to a patient establishes a steady plasma/serum 
desmopressin concentration in the range of from about 0.1 pkograms desmopressin per mL 
plasma/serum to about a maximum of 10.0 pkograms desmopressin per mL plasma/serum 12 
for a time between four and six hours and decreases urine production 13 . 

Claim 28 

The invention of claim 28 is directed to a pharmaceutical dosage form according to claim 
27 that establishes a steady plasma/serum desmopressin concentration in the range of from 
about 0.5 pkograms desmopressin per mL plasma/serum to about a maximum of 5.0 
pkograms desmopressin per mL plasma/serum. 14 



8 Patches and intradermal administration are each discussed in the application at page 24, lines 19-27, and in the 
table on page 25. 

9 Pharmaceutical dosage forms which when administered to a patient establish a steady plasma/serum desmopressin 
concentration of from about 0.5 picograms desmopressin per mL plasma/serum to about 5.0 picograms 
desmopressin per ml. plasma/serum are discussed in the application at page 24, lines 19-27, and in the table on page 
25. 

10 Described in the application at, for example, page 4, lines 2-3. 

11 Described in the application at, for example, in the application at page 24, lines 19-24, and in the table on page 
25. 

12 Described in the application at, for example, page 24, lines 19-22. 

13 The ability to limit the pharmacological effect of desmopressin to a time between four and six hours and to 
decrease urine production is discussed in the application at page 32, lines 19-23, and at page 36, lines 5-7. 

14 Pharmaceutical dosage forms for intranasal administration which when administered to a patient establish a 
steady plasma/serum desmopressin concentration of from about 0.5 picograms desmopressin per mL plasma/serum 
to about 5.0 picograms desmopressin per mL plasma/serum are discussed in the application at page 24, lines 19-27, 
and in the table on page 25.. 
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Claim 29 

The invention of claim 29 is directed to a pharmaceutical dosage form comprising 
desmopressin and a pharmaceutically acceptable carrier 15 for intradermal or transdermal 
administration 16 which when administered to a patient establishes a steady plasma/serum 
desmopressin concentration in the range of from about 0.1 picograms desmopressin per mL 
plasma/serum to about a maximum of 10.0 picograms desmopressin per mL plasma/serum 17 
for a time between four and six hours and decreases urine production. 18 

Claim 30 

The invention of claim 30 is directed to a pharmaceutical dosage form according to claim 
29 that establishes a steady plasma/serum desmopressin concentration of from about 0.5 
picograms desmopressin per mL plasma/serum to about 5.0 picograms desmopressin per mL 
plasma/serum. 19 

Claim 31 

The invention of claim 31 is directed to a pharmaceutical dosage form according to claim 
29 that comprises between 0.05 ug and 10 ug desmopressin. 20 

Claim 32 

The invention of claim 32 is directed to a pharmaceutical dosage form according to claim 
29 that is adapted for intradermal administration and comprises a patch. 21 



15 Described in the application at, for example, page 4, lines 2-3. 

16 Described in the application at, for example, page 24, lines 19-27, and in the table on page 25. 

17 Described in the application at, for example, page 24, lines 19-22. 

18 The ability to limit the pharmacological effect of desmopressin to a time between four and six hours and to 
decrease urine production is discussed in the application at page 32, lines 1 9-23, and at page 36, lines 5-7. 

19 Pharmaceutical dosage forms for intradermal or transdermal administration which when administered to a patient 
establish a steady plasma/serum desmopressin concentration of from about 0.5 picograms desmopressin per mL 
plasma/serum to about 5.0 picograms desmopressin per mL plasma/serum are discussed in the application at page 
24. lines 19-27, and in the table on page 25. 

2(1 Pharmaceutical dosage forms comprising between 0.05 ug and 10 ug desmopressin are discussed in the 
application at page 6, lines 20-21. 

21 Patches and intradermal administration are each discussed in the application at page 24, lines 19-27, and in the 
table on page 25. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



1. Whether any of claims 29-30 and 32-33 are anticipated under 35 U.S.C. § 102(b) 
by U.S. Patent No. 5,135,480 ("Bannon," a copy of which is attached as Exhibit E). 

2. Whether any of claims 29-30 and 32-33 are anticipated under 35 U.S.C. § 102(b) 
by U.S. Patent No. 4,878,892 ("Sibalis," a copy of which is attached as Exhibit F). 

3. Whether any of claims 1 , 3, 4, 9 and 27-31 are anticipated under 35 U.S.C. § 
102(b) by Fjellestad-Paulsen (Doctoral Dissertation), "Absorption and Metabolism of 
Neurohypophyseal Hormones, with special reference to Desmopressin (dDAVP), in Human 
Tissue and after Various Routes of Administration," 25 May 1996, ("Fjellestad-Paulsen," a copy 
of which is attached as Exhibit G). 

4. Whether any of claims 1, 3-4, 6-7, 9 and 27-33 are unpatentable under 35 U.S.C. 
§ 103(a) over Fjellestad-Paulsen in view of Sibalis or Bannon. 

5. Whether any of claims 1, 3, 4, 6, 7, 9 and 27-33 are properly provisionally 
rejected for obviousness-type double patenting as unpatentable over claims 19-27 of copending 
U.S. Application No. 12/173,072. 

6. Whether any of claims 1, 3, 4, 6, 7, 9 and 27-33 are properly provisionally 
rejected for obviousness-type double patenting as unpatentable over claims 19-29 of copending 
U.S. Application No. 12/173,074, now issued as U.S. Patent No. 7,579,321, a copy of which is 
attached as Exhibit B. 

VII. ARGUMENT 

The appealed claims are directed to novel desmopressin pharmaceutical compositions 
and dosage forms. Prior art desmopressin compositions generated high peak levels of drug in 
the patient's bloodstream, 22 putting patients at risk of severe hyponatraemia: "Certain patients 



" As discussed, lor example, in the Examiner's "Reasons for Allowance" in the Notice of Allowance of related U.S. 
Patent No. 7,405,203 (Exhibit D, pp. 4-5). 
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taking desmopressin are at risk for developing severe hyponatremia that can result in seizures 
and death." 23 

The pharmaceutical compositions and dosage forms of the present invention are adapted 
to establish in a patient a steady plasma/serum desmopressin concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to a maximum of 10.0 picograms per 
mL plasma/serum. Such pharmaceutical compositions and dosage forms are effective to 
decrease urine production. 

None of the applied references teaches such a dosage form. None teaches that such a 
desmopressin dose would be effective. None teaches that such a desmopressin dose would 
decouple the therapeutic benefits of desmopressin from its side effects. 

Indeed, the Office has repeatedly acknowledged that the use of desmopressin to achieve a 
maximum desmopressin plasma/serum concentration no greater than 10 pg/ml is novel and 
inventive. 24 

This week, the present application will have been pending for six years. To date, no 
prior art has been identified that teaches a desmopressin dosage form with the claimed 
pharmacokinetic profile or medical advantages. The applied references: 

• do not appreciate that desmopressin can be effective at single digit pg/mL 
concentrations in the bloodstream; 

• do not suggest the desirability of limiting the duration of anti-diuretic activity of 
desmopressin; 

• do not suggest that it is possible to limit the duration of the anti-diuretic activity 
of desmopressin; 

• do not suggest how to limit the duration of the anti-diuretic activity of 
desmopressin; 

• do not suggest how to create a dose form that decouples hyponatremia risk from 
the anti-diuretic efficacy of desmopressin therapy; and 



Sec, for example, the FDA Notice (Exhibit ( '. p. 3). 
~ 4 See. for example, related U.S. Patent No. 7,405,203 (Exhibit A), the Examiner's Reasons for Allowance (Exhibit 
D pp. 4-5), and related U.S. Patent No. 7,579,321 (Exhibit B). 
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• do not suggest that it is possible safely to use desmopressin to treat adult nocturia, 
or to interrupt urine production safely for specific time intervals. 

The observation in the Office action that the discovery of a "property which is inherently 
present in the prior art does not necessarily make [a] claim patentable" (Office action, p. 2) is 
irrelevant, as the invention is not directed to a composition existing in the prior art, inherently 
or otherwise. 

The Office action provides no basis for concluding that any prior art composition 
expressly or inherently possesses all features of the claimed invention. Instead, the Office 
action repeatedly takes the position "that any prior art composition would anticipate, or render 
obvious, the claimed composition" (Office action, p. 3, emphasis in original). This position is 
facially inconsistent with applicable law, as only prior art that teaches or suggests "not only all 
of the limitations claimed but also all of the limitations combined in the same way as recited in 
the claim" 25 could anticipate or render obvious the claimed composition. Perhaps to support his 
position, the Examiner misstates Appellant's position as being "that the composition make up is 
irrelevant." 

It is not, and has never been, Appellant's position that "the composition make up is 
irrelevant." The particular formulation of a dosage form can have substantial effects on its rate 
of delivery to the bloodstream, as is well known in the art and reconfirmed by the very art relied 
upon in the rejections. (See, for example, Bannon, as discussed below.) It is true that the 
claimed invention is not limited to one specific intranasal, transdermal or intradermal dosage 
form. However, using the teachings in the specification and without the exercise of invention, a 
person of ordinary skill can prepare any of a variety of dosage forms adapted to achieve the 
advantages of the claimed invention, as evidenced, for example, by the withdrawal of all 
rejections under 35 U.S.C. § 112. Nevertheless, the "composition make up" is necessarily 
relevant, as the functional limitations of the claims require that the dosage form necessarily must 
have a structure and composition sufficient to achieve the recited result. The claims are 
limited to those dosage forms having such a structure and composition, even if the claims are not 
limited to one particular structure or composition. The evidence of record provides no basis for 



25 NetMoneyIN, Inc. v. Verisign, Inc., 545 F.3d 1359 (Fed. Cir. 2008). 
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concluding that any prior art desmopressin dosage form has a structure and composition 
achieving the novel and advantageous properties of Appellant's novel compositions. 

Indeed, although desmopressin formulations have existed for many years, and their 
resulting rates of accumulation in the blood have been measured for many years, none of the 
prior art desmopressin formulations of record have ever been reported to achieve the effects of 
the presently claimed compositions. 26 As such, the claimed advantages were clearly not inherent 
in all (or any) prior art compositions, despite the contrary position repeatedly taken in the Office 
action. 

1. The rejection of claims 29-30 and 32-33 as anticipated under 35 U.S.C. § 102(b) 
by Bannon is improper and should be reversed. 

Claims 29 and 33 

Bannon does not anticipate either claim 29 or claim 33. Claim 29 (and claim 33, which 
depends from claim 29) requires a pharmaceutical dosage form which establishes a steady 
plasma/serum desmopressin concentration in the range of from about 0.1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum. Bannon discloses transdermal drug delivery devices and discloses 
desmopressin dissolved in a gel made from karaya gum at a concentration of 3 mg/ml. Bannon 
does not expressly or inherently disclose that a steady desmopressin concentration in the range 
of from about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 
picograms desmopressin per mL plasma/serum would be established. 

Bannnon even fails to disclose sufficient facts permitting speculation on the 
plasma/serum levels that its described transdermal product might establish. For example, 
Bannon does not disclose a total amount of desmopressin in a pharmaceutical dosage form, does 
not disclose a rate at which desmopressin would travel within the dosage form, does not disclose 
a rate at which desmopressin in karaya gum would penetrate skin, and does not disclose an 
overall rate of desmopressin delivery to the bloodstream. 



26 See, for example, Table 7 at pages 50 and 51 of Fjellestad-Paulsen, in which all of the reported peak 
desmopressin plasma concentrations (C ma J exceeded 30 pg/ml, exceeding the presently claimed range. 
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The Office action points to no evidence that Bannon expressly or inherently establishes a 
steady desmopressin concentration within the claimed range. Rather, the Examiner takes the 
position "that any prior art composition would anticipate the instantly claimed composition and 
that the requisite function is inherent" (Office action, p. 6, emphasis in original). 

The Examiner's position cannot be reconciled with the facts or the law. 

A prior art reference does not anticipate unless it discloses "within the four corners of the 
document not only all of the limitations claimed but also all of the limitations combined in the 
same way as recited in the claim." NetMoneyIN, Inc. v. Verisign, Inc., 545 F.3d 1359 (Fed. Cir. 
2008). 

To establish that a reference inherently discloses a specific limitation, the Examiner may 
refer to extrinsic evidence showing that the descriptive matter missing from the reference is 
necessarily present in the reference's disclosure. Continental Can v. Monsanto Co., 948 F.2d 
1264, 1268 (Fed. Cir. 1991). Thus, the Examiner cannot establish inherency merely by 
demonstrating that the asserted limitation is probable or possible. In re Oelrich, 666 F.2d 578, 
581 (CCPA 1981). "To establish inherency, the extrinisic evidence 'must make clear that the 
missing descriptive material is necessarily present in the thing described in the reference, and 
that it would be so recognized by persons of ordinary skill. Inherency, however, may not be 
established by probabilities or possibilities. The mere fact that a certain thing may result from a 
given set of circumstances is not sufficient." In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 
1999). "In relying upon the theory of inherency, the examiner must provide a basis in fact 
and/or technical reasoning to reasonably support the determination that the allegedly inherent 
characteristic necessarily flows from the teachings of the applied prior art." Ex parte Levy, 17 
USPQ2d 1461, 1464 (Bd. Pat. App. & Inter. 1990), emphasis added. 

This anticipation rejection must be reversed, as the Examiner has provided no extrinisic 
evidence showing that Bannon teaches a dosage form which necessarily establishes a steady 
plasma/serum desmopressin concentration in the range of from about 0. 1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum. 
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To the contrary, the extrinsic and intrinsic evidence agree that transdermal delivery is 
variable. " [Transdermal bioavailability is poor because only a small fraction of the drug 
administered is able to reach a patient's bloodstream . . . through the skin." Declaration of 
Ronald V. Nardi Under 37 C.F.R. § 1.132 ("Nardi Declaration," a copy of which is attached as 
Exhibit H), paragraph 10. "Transdermal bioavailability is dependent on many formulation 
factors known to the skilled artisan." Id. Bannon itself makes clear that the rate of 
administration (one of the several pieces of information required even to speculate on an 
established plasma/serum desmopressin concentration) varies depending on the design 
parameters selected for a particular dosage form. For example, Bannon teaches that: 

• administration rates can be enhanced by including "absorption promoters" such as 
aprotic solvents or surfactants in the dosage form (col. 1, lines 52-55) 

• rates of drug release can be varied based on "whether the drug molecules are 
suspended or dissolved in the vehicle and on the interfacial partition coefficient of 
the drug between the delivery system and the skin" (col. 1 , lines 65-68); and 

• rates of release of an active constitutent can be controlled "by matrix diffusion or 
by its passage through a controlling membrane" (col. 2, lines 9-11). 

While such parameters could, of course, be modulated when producing a dosage form according 
to the invention of claim 29, there is no evidence that any dosage form described in Bannon 
dosage form establishes a steady desmopressin concentration in the range of from about 0.1 
picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum. 

The art of record establishes that art-recognized design parameters will vary the rate of 
drug administration. As such, the Examiner's assertion that any prior art composition would 
anticipate the invention of claim 29, is not merely unsupported by the evidence of record, but 
cannot be reconciled with the teachings of the very reference on which the Examiner relies for 
the rejection. 

Furthermore, claim 29 requires that the pharmaceutical dosage form establish the 
claimed desmopressin concentration for a time between four and six hours. This valuable 
feature of the dosage forms of claim 29 restores urine production after a defined interval, 
reducing the risk of hyponatremia. Bannon does not expressly or inherently disclose a 
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transdermal dosage form that establishes the claimed desmopressin concentration for a time 
between four and six hours. The Examiner has provided no evidence that any dosage form 
disclosed in Bannon necessarily establishes the claimed desmopressin concentration for a time 
limited to between four and six hours. Bannon therefore cannot anticipate claim 29. 

Claim 30 

Bannon does not anticipate claim 30 for all of the reasons that it fails to anticipate claim 
29. Furthermore, claim 30 requires that the dosage form establish a steady plasma/serum 
desmopressin concentration of from about 0.5 picograms desmopressin per mL plasma/serum to 
about 5.0 picograms desmopressin per mL plasma/serum. The Examiner has provided no 
evidence that any Bannon composition necessarily establishes a steady plasma/serum 
desmopressin concentration within the narrower range claimed in claim 30. Bannon therefore 
does not anticipate claim 30. 

Claim 32 

Bannon does not anticipate claim 32 for all of the reasons that it fails to anticipate claim 
29. Furthermore, claim 32 requires that the dosage form comprises a patch. Bannon teaches 
transdermal drug delivery device that comprises an electrode. The Examiner has not argued that 
Bannon teaches a desmopressin dosage form comprising a patch. For this additional reason, the 
rejection of claim 32 must be reversed. 

Moreover, claim 32 requires that the dosage form be adapted for intradermal 
administration. Bannon teaches transdermal devices (see title). Whereas transdermal delivery 
involves application of drug to an exterior surface of the skin, such that the drug must cross the 
stratum corneum before reaching the viable epidermis or dermis, 27 intradermal delivery involves 
administration of the drug within the skin (beyond the stratum corneum). The Examiner has not 
argued that Bannon teaches a dosage form adapted for intradermal administration. For this 
additional reason, the rejection of claim 32 must be reversed. 



27 See, for example, the abstract of Meyer et al. (1988), "Successful transdermal administration of therapeutic doses 
of a polypeptide to normal human volunteers," Clin. Pharmacol. & Therapeutics 44(d): 607-6 12 (a copy of which is 
attached as Exhibit I): "The human stratum corneum constitutes a relatively impermeable barrier to the transdermal 
absorption of most substances." 
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2. The rejection of claims 29-30 and 32-33 as anticipated under 35 U.S.C. § 102(b) 
by Sibalis is improper and should be reversed. 

Claims 29 and 33 

Sibalis does not anticipate either claim 29 or 33. Claim 29 (and claim 33, which depends 
from claim 29) requires a pharmaceutical dosage form which establishes a steady plasma/serum 
desmopressin concentration in the range of from about 0. 1 picograms desmopressin per mL 
plasma/serum to about a maximum of 10.0 picograms desmopressin per mL plasma/serum. 
Sibalis discloses transdermal patches for delivering polypeptides such as desmopressin, but does 
not disclose any particular amount of desmopressin, any rate at which the desmopressin would 
be delivered, or a concentration that would be established in the plasma or serum of a patient. 

The Office action points to no evidence that any disclosed Sibalis device can or will 
expressly or inherently establish a steady desmopressin concentration within the claimed range. 
Rather, the Examiner takes the inappropriate position "that any prior art composition would 
anticipate the instantly claimed composition and that the requisite function is inherent" (Office 
action, p. 5, emphasis in original). 

Despite the Examiner's expressed views, a prior art reference does not anticipate unless it 
discloses "within the four corners of the document not only all of the limitations claimed but 
also all of the limitations combined in the same way as recited in the claim." NetMoneyIN, Inc. 
v. Verisign, Inc., 545 F.3d 1359 (Fed. Cir. 2008). To establish that a reference inherently 
discloses a specific limitation, the Examiner may refer to extrinsic evidence showing that the 
descriptive matter missing from the reference is necessarily present in the reference's 
disclosure. Continental Can v. Monsanto Co., 948 F.2d 1264, 1268 (Fed. Cir. 1991). Thus, the 
Examiner cannot establish inherency merely by demonstrating that the asserted limitation is 
probable or possible. In re Oelrich, 666 F.2d 578, 581 (CCPA 1981). "To establish inherency, 
the extrinisic evidence 'must make clear that the missing descriptive material is necessarily 
present in the thing described in the reference, and that it would be so recognized by persons of 
ordinary skill. Inherency, however, may not be established by probabilities or possibilities. The 
mere fact that a certain thing may result from a given set of circumstances is not sufficient." In 
re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999). "In relying upon the theory of inherency, the 
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examiner must provide a basis in fact and/or technical reasoning to reasonably support the 
determination that the allegedly inherent characteristic necessarily flows from the teachings of 
the applied prior art." Ex parte Levy, 17 USPQ2d 1461, 1464 (Bd. Pat. App. & Inter. 1990), 
emphasis added. 

The anticipation rejection must be reversed, as the Examiner has provided no extrinisic 
evidence showing that Sibalis teaches a dosage form having characteristics that necessarily 
results in establishing a steady plasma/serum desmopressin concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 
picograms desmopressin per mL plasma/serum. 

To the contrary, the extrinsic evidence indicates that bioavailability for transdermal 
delivery is variable. Transdermal delivery varies based on the specific formulation used, as 
explained in the Nardi Declaration (Exhibit II) at paragraph 10: 

• "[Transdermal bioavailability is poor because only a small fraction of the drug 
administered is able to reach a patient's bloodstream . . . through the skin." 

• "Transdermal bioavailability is dependent on many formulation factors known to 
the skilled artisan." 

Indeed, Bannon, the reference applied in the previously discussed rejection, makes clear 
that the rate of administration (one of the several pieces of information required even to 
speculate on an established plasma/serum desmopressin concentration) varies depending on the 
design parameters selected for a particular dosage form. For example, Bannon teaches that: 

• administration rates can be enhanced by including "absorption promoters" such as 
aprotic solvents or surfactants in the dosage form (col. 1, lines 52-55) 

• rates of drug release can be varied based on "whether the drug molecules are 
suspended or dissolved in the vehicle and on the interfacial partition coefficient of 
the drug between the delivery system and the skin" (col. 1, lines 65-68); and 

• rates of release of an active constitutent can be controlled "by matrix diffusion or 
by its passage through a controlling membrane" (col. 2, lines 9-11). 

While such parameters could, of course, be modulated when producing a dosage form 
according to the invention of claim 29, there is no evidence that the dosage form of Sibalis 
establishes a steady desmopressin concentration in the range of from about 0.1 picograms 
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desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum. Sibalis does not even disclose an amount of desmopressin in the dosage 
form, a desmopressin concentration used, or any other information that would be required even 
to speculate on what desmopressin concentration profile would result in a patient — and certainly 
does not permit a conclusion that its dosage form necessarily establishes a steady plasma/serum 
desmopressin concentration in the range of from about 0.1 picograms desmopressin per mL 
plasma/serum to about a maximum of 10.0 picograms desmopressin per mL plasma/serum. 

Furthermore, claim 29 requires that the pharmaceutical dosage form must be adapted to 
establish the claimed desmopressin concentration for a time between four and six hours. It is 
untrue that any transdermal desmopressin patch will establish the claimed desmopressin 
concentration for a time between four and six hours, and the Examiner has provided no evidence 
that any dosage form described by Sibalis would do so. Sibalis therefore cannot anticipate claim 
29 (or dependent claim 32 or 33). 

Claim 30 

Sibalis does not anticipate claim 30 for all of the reasons that it fails to anticipate claim 
29. Furthermore, claim 30 requires that the dosage form establish a steady plasma/serum 
desmopressin concentration of from about 0.5 picograms desmopressin per mL plasma/serum to 
about 5.0 picograms desmopressin per mL plasma/serum. The Examiner has provided no 
evidence that the Sibalis dosage form necessarily establishes a steady plasma/serum 
desmopressin concentration within the narrower range claimed in claim 30. Sibalis therefore 
cannot anticipate claim 30. 

Claim 32 

Sibalis does not anticipate claim 32 for all of the reasons that it fails to anticipate claim 
29. Furthermore, claim 32 requires that the dosage form be adapted for intradermal 
administration. Sibalis relates to "Electrolytic Transdermal Delivery of Polypeptides" (Title, 
emphasis added). The Examiner has provided no evidence that the Sibalis discloses a dosage 
form adapted for intradermal administration. For this additional reason, the rejection of claim 
32 must be reversed. 
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3. The rejection of claims 1. 3, 4. 9 and 27-31 as anticipated under 35 U.S.C. 
§ 102(b) by Fjellestad-Paulsen is improper and should be reversed. 

Claims 1 and 3 

As a threshold matter, note that the Office action presents no arguments that Fjellestad- 
Paulsen anticipates any of the appealed claims. 

The entirety of the rejection, presented at pages 4 and 5 of the Office action, is a 
conclusion that the claims are rejected, followed by citations to various desmopressin 
compositions disclosed in the applied reference. No explanation is provided as to which, if any, 
of the desmopressin concentrations are asserted to anticipate which, if any, of the appealed 
claims. As but one example: "Fjellestad-Paulsen additionally teaches sublingual, oral, 
transdermal, intratracheal, aerosol, rectal and ocular administrations of desmopressin are known 
in the art" (Office action, p. 4). No connection is offered between any one of these "known in 
the art" desmopressin administration methods and any of the limitations of any of the appealed 
claims. What relevance, if any, does a discussion of sublingual administration in Fjellestad- 
Paulsen have to the method of claim 1? What relevance to the method of claim 3? To reject 
claims as anticipated, the USPTO bears the burden of proving, by a preponderance of the 
evidence, that "within the four corners of the document not only all of the limitations claimed 
but also all of the limitations combined in the same way as recited in the claim." NetMoneyIN, 
Inc. v. Verisign, Inc., 545 F.3d 1359 (Fed. Cir. 2008). This, the Office action has not done. 
Appellant and the Board are left to speculate on the basis for the Examiner's belief that one or 
more dosage forms disclosed in Fjellestad-Paulsen anticipate claims 1, 2, 4, 9, and 27-31. The 
rejection of claims 1, 3, 4, 9 and 27-31 is therefore improper and should be reversed. 

In any event, Fjellestad-Paulsen does not disclose any pharmaceutical composition 
anticipating claim 1 (or 3, which depends from claim 1). Claim 1 requires "a pharmaceutical 
composition comprising . . . desmopressin and a pharmaceutically acceptable carrier in a dosage 
form adapted for intranasal, transdermal, or intradermal administration sufficient to establish in 
a patient a steady plasma/serum concentration in the range of from about 0. 1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum and to decrease urine production." Fjellestad-Paulsen does not teach a dosage 
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form adapted for administration to establish a steady plasma/serum concentration in the claimed 
range and therefore cannot anticipate claim 1. Anticipation requires that a reference expressly or 
inherently disclose not only all of the limitations claimed but also all of the limitations arranged 
or combined in the same way as recited in the claim. Net MoneyIN, Inc. v. Verisign, Inc. , 545 
F.3d 1359 (Fed. Cir. 2008). As none of the pharmaceutical compositions disclosed in 
Fjellestad-Paulsen expressly meets all of the limitations of any of the claims, any anticipation 
would be based, if at all, on the inherency doctrine. 

Because Fjellestad-Paulsen discloses no pharmaceutical composition expressly or 
inherently having all of the limitations of claim 1, Fjellestad-Paulsen cannot anticipate claim 1. 

The subcutaneous and intravenous dose forms are not adapted for intradermal administration. 

The Office action references subcutaneous doses of desmopressin disclosed at pages 15, 
37 and 50 of Fjellestad-Paulsen and an intravenous dose also disclosed at page 50. In contrast, 
claim 1 requires a dosage form adapted for intranasal, transdermal, or intradermal 
administration. The Office action asserts that "subcutaneous administration is a form of 
intradermal administration," but provided no evidentiary support for the assertion. The assertion 
is, in fact, clearly erroneous, as "subcutaneous" means "under the skin" and "intradermal" means 
"within the skin." As the two terms refer to two distinct, non-overlapping locations (under 
versus within), even the broadest reasonable interpretation of intradermal is inconsistent with the 
Examiner's position. 

Perhaps recognizing as tenuous the allegation equating intradermal and subcutaneous 
administration, the Office action also posits that "nothing precludes intradermally injecting" the 
doses that include sodium chloride. As a threshold matter, the Examiner has provided no 
evidence that the subcutaneous or intravenous doses of Fjellestad-Paulsen are adapted for 
intradermal (or intranasal or transdermal) administration. The Examiner' s failure to provide 
such evidence is sufficient grounds for reversing the rejection of claim 1, to the extent the 
rejection is based on the subcutaneous or intravenous doses. 
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The subcutaneous and intravenous dose forms are not adapted to establish a plasma/serum 
concentration in the claimed range. 

Furthermore, the Examiner has provided no evidence or argument that the subcutaneous 
or intravenous doses would establish a steady plasma/serum concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 
picograms desmopressin per mL plasma/serum. As such, the doses cannot anticipate claim 1. 

The law of inherency prohibits a finding of anticipation unless the described prior art 
composition necessarily meets the claim limitations. To establish that a reference inherently 
discloses a specific limitation, the Examiner may refer to extrinsic evidence showing that the 
descriptive matter missing from the reference is necessarily present in the reference's disclosure. 
Continental Can v. Monsanto Co., 948 F.2d 1264, 1268 (Fed. Cir. 1991). 

The anticipation rejection must be reversed, as the Examiner has provided no reasoning 
and no extrinisic evidence showing that Fjellestad-Paulsen teaches a dosage form that 
necessarily establishes a steady plasma/serum desmopressin concentration within the claimed 
range. 

Indeed, the very reference relied upon by the Examiner makes clear that the 
bioavailability of a peptide hormone will vary substantially based on the route of 
administration, the type of delivery system, and the formulation. Fjellestad-Paulsen, pp. 16-17. 
For example, a 2 ug subcutaneous or intravenous dose, even if somehow administered 
intradermally, would be essentially 100% bioavailable, leading to plasma/serum concentrations 
well in excess of the claimed range. 

As the Examiner has failed to show that the subcutaneous and intravenous Fjellestad- 
Paulsen dosage forms are adapted for intranasal, transdermal, or intradermal administration 
sufficient to establish in a patient a steady plasma/serum concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum, the rejection of claim 1 as anticipated by those dosage 
forms must be reversed. 
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The intranasal dose forms are not adapted to establish a plasma/serum concentration in the 



claimed range. 



The Office action also references various intranasal doses disclosed at page 14 of 
Fjellestad-Paulsen. 

Again, the Examiner has provided no argument and no evidence that any dose described 
in Fjellestad-Paulsen would establish a steady plasma/serum concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum. As such, the doses cannot anticipate claim 1. Unlike 
intravenous or intradermal delivery routes, providing a predictably high bioavailability, the 
bioavailability of peptide hormones such as desmopressin is highly variable when administered 
intranasally, depending on the delivery mechanism and formulation. See, e.g., Fjellestad- 
Paulsen, p. 16: 

• "Depending on various factors, such as . . . the type of delivery system and the 
galenic formulation, the bioavailability of 10-20 amino acid peptides in general, 
given intranasally, varies between 1 and 12%." 

• "In one of the earliest studies on dDAVP [desmopressin] the bioavailability of 
i.n. [intranasal] dDAVP in [diabetes insipidus] patients was estimated to be 10- 

20%." 

• "In [a more recent] study the bioavailability was 10% after i.n. administration." 

• "Kohler and Harris (1998) . . . found a bioavailability as low as 2% after i.n. 
administration." 

Appellant agrees that it is possible to prepare dosage forms adapted for intranasal 
delivery that establish a steady plasma/serum concentration within the claimed range. Before the 
present invention, however, there was no reason to do so. More to the point, there is no reason 
to believe that any dosage form disclosed in Fjellestad-Paulsen would have intentionally or 
accidentally established a steady plasma/serum concentration within the claimed range, as prior 
art formulations intended to establish much higher concentrations. Prior art desmopressin 
dosage forms were designed to achieve higher desmopressin concentrations in the blood, as 
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acknowledged in the issuance of related U.S. patents. 28 Indeed, for those experiments where 
Fjellestad-Paulsen does report a peak desmopressin concentration in, Table 7 at pages 50 and 
5 1, all of the reported peak desmopressin plasma concentrations ( Cma X ) exceeded 30 pg/ml, 
exceeding the presently claimed range. 

Because the compositions of claim 1 are adapted to establish a steady plasma/serum 
desmopressin concentration within the claimed range, and because the Examiner has provided 
no evidence that any composition described by Fjellestad-Paulsen necessarily establishes a 
steady plasma/serum desmopressin concentration within the claimed range, the rejection of 
claim 1 as anticipated by Fjellestad-Paulsen must be reversed. 

Claim 4 

Fjellestad-Paulsen does not anticipate claim 4 for the reasons that it fails to anticipate 
claim 1 or 3. Furthermore, claim 4 requires that the pharmaceutical composition comprise from 
about 0.1 ug to about 2 ug desmopressin. Fjellestad-Paulsen references subcutaneous or 
intravenous doses of 2 ug desmopressin; these would generate a peak desmopressin 
plasma/serum concentration exceeding the claimed range. At page 14, Fjellestad-Paulsen also 
references desmopressin doses for infants: 

The most prevalent route of administration is the intranasal (i.n.). Children and 
adult patients usually require 5-20 ug dDAVP intranasally once or twice daily . . . 
and infants are treated with smaller doses ranging from 1 to 15 ug once or twice a 
day. 

Fjellestad-Paulsen specifies that the doses for children and adults is intranasal; the route 
of administration to infants is not specified. More importantly, Fjellestad-Paulsen provides no 
information about the formulation or other characteristics of any dosage form for an infant that 
would permit a conclusion that it was adapted to establish a plasma/serum desmopressin 
concentration in the claimed range. The Examiner has provided no evidence that any 
pharmaceutical composition disclosed in Fjellestad-Paulsen and comprising about 0.1 ug to 
about 2 ug desmopressin would necessarily establish a steady plasma/serum concentration range 



28 See, for example, related U.S. Patent No. 7,405,203 (Exhibit A), the Examiner's Reasons for Allowance (Exhibit 
D, p. 4), and related U.S. Patent No. 7,579,321 (Exhibit B). 
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recited in claim 1. For this additional reason, the rejection of claim 4 as anticipated by 
Fjellestad-Paulsen must be reversed. 

Claim 9 

Fjellestad-Paulsen does not anticipate claim 9 for the reasons that it fails to anticipate 
claim 1 or 3. Furthermore, claim 9 requires that the dosage form establish a steady 
plasma/serum desmopressin concentration of from about 0.5 picograms desmopressin per mL 
plasma/serum to about 5.0 picograms desmopressin per mL plasma/serum. The Examiner has 
provided no evidence that any composition described in Fjellestad-Paulsen necessarily 
establishes a steady plasma/serum desmopressin concentration within the narrower range 
claimed in claim 9. For this additional reason, the rejection of claim 9 as anticipated by 
Fjellestad-Paulsen must be reversed. 

Claim 27 

Fjellestad-Paulsen does not anticipate claim 27 for the reasons that it fails to anticipate 
claim 1 or 3. Furthermore, claim 27 requires a dosage form adapted for intranasal 
administration, obviating any issues relating to the intravenous or subcutaneous doses of 
Fjellestad-Paulsen, and requires that the desmopressin plasma/serum concentration be 
established for a lime between four and six hours. The Examiner has provided no evidence that 
the Fjellestad-Paulsen intranasal compositions necessarily establish a steady plasma/serum 
desmopressin concentration within the claimed range for a time between four and six hours. For 
this additional reason, the rejection of claim 27 as anticipated by Fjellestad-Paulsen must be 
reversed. 

Claim 28 

Fjellestad-Paulsen does not anticipate claim 28 for all of the reasons that it fails to 
anticipate claim 27. Furthermore, claim 28 requires that the dosage form establish a steady 
plasma/serum desmopressin concentration of from about 0.5 picograms desmopressin per mL 
plasma/serum to about 5.0 picograms desmopressin per mL plasma/serum. The Examiner has 
provided no evidence that the Fjellestad-Paulsen compositions necessarily establish a steady 
plasma/serum desmopressin concentration within the narrower range claimed in claim 28. For 
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this additional reason, the rejection of claim 28 as anticipated by Fjellestad-Paulsen must be 
reversed. 

Claims- 29 and 31 

Fjellestad-Paulsen does not anticipate claim 29 (or claim 31, which depends from claim 
29) for the reasons that it fails to anticipate claim 1 or 3. Furthermore, claim 29 requires a 
dosage form adapted for intradermal or transdermal administration, obviating any issues relating 
to the intranasal doses of Fjellestad-Paulsen, and requires that the desmopressin plasma/serum 
concentration be maintained within the recited low dose range for a time between four and six 
hours. The Examiner has provided no evidence that the Fjellestad-Paulsen compositions 
necessarily establish a steady plasma/serum desmopressin concentration within the claimed 
range for a time between four and six hours. For this additional reason, the rejection of claims 
29 and 31 as anticipated by Fjellestad-Paulsen must be reversed. 

Claim 30 

Fjellestad-Paulsen does not anticipate claim 30 for all of the reasons that it fails to 
anticipate claim 29. Furthermore, claim 30 requires that the dosage form establish a steady 
plasma/serum desmopressin concentration of from about 0.5 picograms desmopressin per mL 
plasma/serum to about 5.0 picograms desmopressin per mL plasma/serum. The Examiner has 
provided no evidence that any composition described by Fjellestad-Paulsen composition 
necessarily establishes a steady plasma/serum desmopressin concentration within the narrower 
range claimed in claim 30. For this additional reason, the rejection of claim 30 as anticipated by 
Fjellestad-Paulsen must be reversed. 

4. The rejection of claims 1, 3-4, 6-7, 9 and 27-33 as unpatentable under 35 U.S.C. § 
103(a) over Fjellestad-Paulsen in view of Sibalis or Bannon is improper and should be reversed. 

The question of obviousness, of course, is resolved on the basis of underlying factual 
determinations including: (1) the scope and content of the prior art; (2) the level of ordinary skill 
in the art; (3) the differences between the prior art and the subject matter claimed, taken as a 
whole; and (4) secondary considerations of nonobviousness, if any. Graham v. John Deere Co., 
383 U.S. 1, 17 (1966). A claim "composed of several elements is not proved obvious merely by 
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demonstrating that each of its elements was, independently, known in the prior art." KSR Int'l v. 
Teleflex Inc., 127 S. Ct. 1727, 1741 (2007). The relevant question is "whether there was an 
apparent reason to combine the known elements in the fashion claimed by the" patent 
application. Id. "We must still be careful not to allow hindsight reconstruction of references to 
reach the claimed invention without any explanation as to how or why the references would be 
combined to produce the claimed invention." Innogenetics, N.V. v. Abbott Labs., 512 F.3d 1363, 
1374 n.3 (Fed. Cir. 2008). 

The presently claimed pharmaceutical compositions and dosage forms have important 
advantages over conventional desmopressin dosage forms, advantages neither taught nor 
suggested in the prior art. For example, the Office has acknowledged that keeping the peak 
desmopressin concentration in the bloodstream at or below 10.0 pg/mL was not previously 
taught or suggested. 29 The claimed invention successfully addresses the safety concerns with 
conventional desmopressin administration. The applied references do not discuss or 
acknowledge the safety concerns, much less suggest that a solution is possible. As such, they 
of course do not suggest that the solution could involve reducing the peak desmopressin 
concentration, perhaps because they did not recognize that the resulting desmopressin dosage 
forms would retain their therapeutic efficacy. 

Appellant did recognize that the resulting desmopressin dosage forms would be safe and 
effective. Indeed, their safety and efficacy have now propelled them into clinical trials, 
including a phase III clinical trial that is currently ongoing, providing the promise of safer 
antidiuresis to patients who would otherwise be at serious risk. The pharmaceutical 
compositions and dosage forms invented by Appellant to decouple desmopressin's therapeutic 
efficacy from the substantial risks of prior art desmopressin dosage forms are nowhere taught or 
suggested by the applied references. 

Claims 1 and 3 

Fjellestad-Paulsen in view of Sibalis or Bannon does not render obvious the subject 
matter of claim 1 (or 3, which depends from claim 1). Claim 1 requires "a pharmaceutical 
composition comprising . . . desmopressin and a pharmaceutical^ acceptable carrier in a dosage 
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form adapted for intranasal, transdermal, or intradermal administration sufficient to establish in 
a patient a steady plasma/serum concentration in the range of from about 0. 1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum and to decrease urine production." 

None of the three cited references teach a dosage form adapted for administration to 
establish a steady plasma/serum concentration in the range of from about 0. 1 picograms 
desmopressin per mL plasma/serum to about a maximum of 10.0 picograms desmopressin per 
mL plasma/serum and to decrease urine production. 

None of the three cited references teach that it is desirable to, or that there are any 
advantages in, formulating a desmopressin dosage form to establish a steady plasma/serum 
concentration in the range of from about 0. 1 picograms desmopressin per mL plasma/serum to 
about a maximum of 10.0 picograms desmopressin per mL plasma/serum and to decrease urine 
production. Assessment of the presented claims requires that the unobvious properties of the 
claimed composition be taken into account. Pharmaceutical compositions that establish a blood 
desmopressin concentration within the claimed range provide the antidiuretic effects of 
desmopressin in a safe and effective manner: 

• Appellant discovered that desmopressin can be effective at single digit pg/mL 
concentrations in the bloodstream. This was not taught or suggested in the 
applied references. 

• Appellant discovered that desmopressin dosage forms that establish a 
desmopressin concentration that does not exceed a maximum of 10.0 pg/mL can 
be used to limit the duration of anti-diuretic activity of desmopressin. The 
applied references do not suggest that limiting the duration is desirable, do not 
suggest that it is possible, and do not suggest how it would be achieved. The 
claimed pharmaceutical compositions decouple desmopressin's benefits from its 
most serious risks, and neither the objective nor the means is taught or 
suggested by the applied references. 



Exhibit D, pp. 4-5. 
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The Examiner has proffered no argument why one of ordinary skill in the art would have 
attempted to prepare a desmopressin dosage form adapted for administration sufficient to 
establish a steady plasma/serum concentration in the range claimed in claim 1. The Examiner 
has argued a "need for smaller doses for smaller patients" (Office action, p. 7), but this was in 
the context of "dose size" (Office action, p. 6). The Examiner has not attempted to argue that 
one of ordinary skill had a motivation, prior to the instant invention, to prepare a dosage form 
adapted for administration to establish a steady plasma/serum concentration in the range of from 
about 0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum and to decrease urine production. Such a dosage form has 
distinct advantages disclosed in the present application but unappreciated in the art prior to 
Appellant's invention. 30 

"[Rejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated reasoning with some rational underpinning to 
support the legal conclusion of obviousness." In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006). 
"[T]his analysis should be made explicit." KSR International Co., v. Teleflex Inc., 550 U.S. 398, 
, 127 S. Ct. 1727, 1741 (2007). 

The claimed invention is an important improvement over prior desmopressin 
compositions. Conventional desmopressin formulations carry a "risk for developing severe 
hyponatremia that can result in seizures and death." FDA Notice, Exhibit C. The claimed 
invention decouples desmopressin's dangerous side effects from its pharmaceutical benefits: 
"The dosage forms possessing the features recited in the claims achieve a novel and surprising 
effect, as they can effectively interrupt urine production - that is, induce voiding postponement, 
less frequent urination, and other antidiuretic effects, yet avoid, decrease or eliminate induction 
of hyponatremia. This is accomplished by controlling the duration of the anti-diuretic effect of 
desmopressin by controlling its blood concentration and switching it 'off at the desired time as 
the concentration of the circulating drug is cleared by the body and falls below a concentration 
effective to activate kidney water channels." Nardi Declaration, paragraph 7. 



30 Indeed, the advantageous properties of these dosage forms have repeatedly been recognized as patentable, as the 
USPTO has issued two related U.S. patents (U.S. Patent Nos. 7,405,203 and 7,579,321) to methods of using low 
dose desmopressin. 
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As no reasoning has been offered to explain why a person would have modified the 
dosage forms of Fjellestad-Paulsen, Sibalis or Bannon to establish a desmopressin plasma/serum 
concentration within the claimed range, achieving the important advantages of the claimed 
invention, the rejection of claims 1 and 3 under 35 U.S.C. § 103(a) must be reversed. 

Claim 4 

The three applied references do not render obvious the subject matter of claim 4 for the 
reasons that they fail to render obvious the subject matter of claim 1 or 3. Furthermore, claim 4 
requires that the pharmaceutical composition comprise from about 0.1 ug to about 2 ug 
desmopressin. 

Fjellestad-Paulsen references subcutaneous or intravenous doses of 2 ug desmopressin, 
which would generate a peak desmopressin plasma/serum concentration exceeding the claimed 
range. Fjellestad-Paulsen also references 1 to 15 ug desmopressin administration to children, in 
a dose of unspecified form or formulation. The Examiner has offered no reasoning why a person 
would have modified any pharmaceutical formulation described in Fjellestad-Paulsen to 
establish a desmopressin plasma/serum concentration within the claimed range. For this 
additional reason, the rejection of claim 4 under 35 U.S.C. § 103(a) must be reversed. 

Claim 6 

The applied references do not render obvious the subject matter of claim 6 for the 
reasons that they fail to render obvious the subject matter of claim 1 or 3. Furthermore, claim 6 
requires that the dosage form be adapted for transdermal delivery. None of the three cited 
references teaches a dosage form adapted for transdermal delivery that comprises 0.5 ng to 20 
ug of desmopressin, nor provides any reason for creating a dosage form adapted for transdermal 
delivery that comprises 0.5 ng to 20 ug of desmopressin. The Office action acknowledges that 
none of the references "specifically enumerates the claimed quantity (0.5 ng to 20 ug) in the 
composition" (Office action, p. 6). 

The Office action nevertheless argues that "Sibalis does not provide any specific 
quantity, and thus embraces all quantities from one molecule of desmopressin to the saturation 
limit of the composition formed" (Office action, p. 7). 
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The question, of course, is not what Sibalis embraces, but what it specifically discloses 
or suggests. The Office action does not argue that Sibalis teaches or suggests "any specific 
quantity"; Sibalis therefore cannot suggest the quantity required by claim 6 (as dependent from 
claim 1). 

The Office action also argues that Bannon "overlaps with the instantly claimed range of 
desmopressin in the composition" (Office action, pp. 6-7). The Office action appears to base 
this argument on the general teaching in Bannon that a drug substance can be at a concentration 
of 0.1 to 15% weight/volume (claim 16) and/or the concentration of desmopressin of 3 mg/ml 
recited in Example 5. 

A concentration alone provides no information about the total amount of desmopressin. 
To know the total amount, one must know the concentration and the volume. The Office action 
has provided no rational basis for its conclusion that Bannon "overlaps with the instantly 
claimed range of desmopressin." 

The Office action also argues that "[d]ose size is an extrinsic property that does not 
materially alter the composition" (Office action, p. 6). Appellant disagrees: dose size is a 
limitation of the claim that cannot be disregarded, and the Office action is not at liberty to 
disregard it. 

The Office action also argues that "one would recognize the need for smaller dosages for 
smaller patients." 

Smaller than what? 

The Office action acknowledged that Sibalis doesn't disclose a dosage. Bannon 
discloses a concentration, but not a dosage. Fjellestad-Paulsen discloses no dosage in the 
context of a dosage form adapted for transdermal delivery. 

The Office action has articulated no reason why a person of ordinary skill would have 
prepared a dosage form adapted for transdermal delivery and comprising 0.5 ng to 20 ug 
desmopressin, prior to the present invention. Rather, the Examiner argues that, in his view, one 
would have had a reasonable expectation of success in producing the claimed invention. The 
Examiner's position is an insufficient basis for a conclusion of obviousness, both because: 
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1) an obviousness rejection cannot be sustained in the absence of an articulated 
motivation for specifically producing a pharmaceutical composition falling within the scope of 
the claimed invention; and 

2) the Examiner has not supported his position that one would have expected the 
invention of claim 6 to be effective to decrease urine production, as required by the language of 
claim 1. The appreciation that desmopressin dosage forms comprising 0.5 ng to 20 ug 
desmopressin and adapted to establish a desmopressin plasma/serum concentration within the 
claimed range would be particularly useful to reduce urine production and would avoid the 
toxicities observed in the prior art was the inventor's appreciation, and is not believed to be 
found in the prior art. In the absence of evidence relied upon by the Examiner evidencing a 
specific reason for producing the claimed pharmaceutical composition and a reasonable 
expectation that it would achieve the claimed benefits, for this additional reason, the rejection of 
claim 6 under 35 U.S.C. § 103(a) cannot be sustained. 

Claim 7 

The applied references do not render obvious the subject matter of claim 7 for the 
reasons that they fail to render obvious the subject matter of claim 1 or 3. Furthermore, claim 7 
requires that the pharmaceutical composition be adapted For intradermal administration. None of 
the applied references teaches a dosage form adapted for intradermal administration. The Office 
action has articulated no reason why one would have modified the dosage forms of the three 
cited references to adapt them for intradermal administration. For this additional reason, the 
rejection of claim 7 under 35 U.S.C. § 103(a) must be reversed. 

Claim 9 

The applied references do not render obvious the subject matter of claim 9 for the 
reasons that they fail to render obvious the subject matter of claim 1 or 3. Furthermore, claim 9 
requires that the dosage form establish a steady plasma/serum desmopressin concentration of 
from about 0.5 picograms desmopressin per raL plasma/serum to about 5.0 picograms 
desmopressin per mL plasma/serum. The Examiner has articulated no reason why one would 
have modified the dosage forms of the applied references to establish a concentration in the 
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range claimed in claim 9. For this additional reason, the rejection of claim 9 under 35 U.S.C. § 
103(a) must be reversed. 

Claim 27 

The applied references do not render obvious the subject matter of claim 27 for the 
reasons that they fail to render obvious the subject matter of claim 1 or 3. Furthermore, claim 27 
requires a dosage form adapted for intranasal administration, obviating any issues relating to the 
intravenous or subcutaneous doses of Fjellestad-Paulsen or to the transdermal devices of Sibalis 
and Bannon, and requires that the desmopressin plasma/serum concentration be established for a 
time between four and six hours. 

The Examiner has articulated no reason why one would have modified the Fjellestad- 
Paulsen intranasal compositions to establish a steady plasma/serum desmopressin concentration 
within the claimed range for a time between four and six hours. Furthermore, no reference 
known to Appellant taught that limiting the effect of desmopressin was desirable or even 
possible, much less how to accomplish this while maintaining therapeutic efficacy. For this 
additional reason, the rejection of claim 27 under 35 U.S.C. § 103(a) must be reversed. 

Claim 28 

The applied references do not render obvious the subject matter of claim 28 for the 
reasons that they fail to render obvious the subject matter of claim 27. Furthermore, claim 28 
requires that the dosage form establish a steady plasma/serum desmopressin concentration of 
from about 0.5 picograms desmopressin per raL plasma/serum to about 5.0 picograms 
desmopressin per mL plasma/serum. 

The Examiner has articulated no reason why one would have modified the Fjellestad- 
Paulsen intranasal compositions to establish a steady plasma/serum desmopressin concentration 
within the narrower range claimed in claim 28. For this additional reason, the rejection of claim 
28 under 35 U.S.C. § 103(a) must be reversed. 
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Claims 29 and 33 

The applied references do not render obvious the subject matter of claim 29 (or 33, which 
depends from claim 29) for the reasons that they fail to render obvious the subject matter of 
claim 1. Furthermore, claim 29 requires a dosage form adapted for intradermal or transdermal 
administration, obviating any issues relating to the intranasal doses of Fjellestad-Paulsen, and 
requires that the desmopressin plasma/serum concentration be established for a time between 
four and six hours. The Examiner has articulated no reason why the prior art transdermal 
compositions would have been modified to establish a steady plasma/serum desmopressin 
concentration within the claimed range for a time between four and six hours. Furthermore, no 
applied reference taught that limiting the effect of desmopressin was desirable or even possible, 
much less how to accomplish this while maintaining therapeutic efficacy. For this additional 
reason, the rejection of claims 29 and 33 under 35 U.S.C. § 103(a) must be reversed. 

Claim 30 

The applied references do not render obvious the subject matter of claim 30 for all of the 
reasons that they fail to render obvious the subject matter of claim 29. Furthermore, claim 30 
requires that the dosage form establish a steady plasma/serum desmopressin concentration of 
from about 0.5 picograms desmopressin per raL plasma/serum to about 5.0 picograms 
desmopressin per mL plasma/serum. The Examiner has articulated no reason why the prior art 
transdermal compositions would have been modified to establish a steady plasma/serum 
desmopressin concentration within the narrower range claimed in claim 30. For this additional 
reason, the rejection of claim 30 under 35 U.S.C. § 103(a) must be reversed. 

Claim 31 

The applied references do not render obvious the subject matter of claim 31 for all of the 
reasons that they fail to render obvious the subject matter of claim 29. Furthermore, claim 3 1 
requires that the dosage form comprise between 0.05 ug and 10 ug desmopressin. The 
Examiner has articulated no reason why the prior art transdermal compositions would have been 
modified to comprise between 0.05 ug and 10 ug desmopressin. Although the Examiner did 
posit that a Fjellestad-Paulsen desmopressin dose comprising NaCl could be administered 
intradermally, the Examiner provided no evidentiary support for the proposition and, 
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importantly, provided no evidence or argument that the dose would establish the desmopressin 
concentration in the range required by claims 29 and 31. For this additional reason, the rejection 
of claim 31 under 35 U.S.C. § 103(a) must be reversed. 

Claim 32 

The three cited references do not render obvious the subject matter of claim 32 for all of 
the reasons that they fail to render obvious the subject matter of claim 29. Furthermore, claim 
32 requires that the dosage form be adapted for intradermal administration and comprise a patch. 
None of the cited references teaches or suggests a dosage form adapted for intradermal 
administration and comprising a patch. The Examiner has articulated no reason why the prior art 
compositions would have been modified to be adapted for intradermal administration and 
comprising a patch. For this additional reason, the rejection of claim 32 under 35 U.S.C. § 
103(a) must be reversed. 

5. The provisional rejection of claims 1 , 3-4, 6-7, 9 and 27-33 for obviousncss-lvpc 
double patenting as unpatentable overclaims 19-27 of copending U.S. Application No. 
12/173,072 is improper and should he reversed. 

The provisional rejection over claims 19-27 of copending U.S. Application No. 
12/173,072 is improper and should be reversed. 

The Office action argues that "the compositions used in the method of the '072 anticipate 
the instant claimed compositions" (p. 8, emphasis added). 

Claims 19-27 of 12/173,072 are composition claims, not method claims. No method 
claims are or were pending in 12/173,072 on January 8, 2009, the date on which the final 
rejection issued in the present application. 

Although Appellant would be prepared to consider filing any necessary terminal 
disclaimer over, or in, 12/173,012, the reasoning provided in the Office action fails to support 
the provisional rejection; the rejection must therefore be reversed. Appellant also believes the 
provisional rejection should be withdrawn in accordance with MPEP § 804(I)(B)(1), as the 
present application is otherwise allowable. 
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6. The provisional rejection of claims 1, 3-4, 6-7, 9 and 27-33 for obviousness-type 
double patenting as unpatentable over claims 19-29 of copending U.S. Application No. 
12/173,074 is improper and should be reversed. 

The provisional rejection over claims 19-29 of copending U.S. Application No. 
12/173,074 is improper and should be reversed. Appellant notes that U.S. Application No. 
12/173,074 has now issued as U.S. Patent No. 7,579,321 and that this rejection is presumably no 
longer "provisional" in nature. 

The Office action argues that "the articles of manufacture of '074 anticipate the instant 
claimed compositions being desmopressin compositions of 50 ng to 10 ug (e.g. claim 20), where 
the composition is for transmucosal, transdermal, intradermal, subcutaneous administration (e.g. 
claims 22-25). 

As a threshold matter, claim 20 of the application did not recite a range of desmopressin 
concentrations. In fact, no claim of the issued patent recites the range of 50 ng to 10 ug 
allegedly forming the basis of the obviousness-type double patenting rejection. Moreover, none 
of claims 22-25 recited that the composition was for transmucosal, transdermal, intradermal, or 
subcutaneous administration but, rather, were silent regarding routes of administration. 

As such, the reasoning provided in the Office action fails to support the provisional 
rejection, which must be reversed. 

Furthermore , the Office action is in error when it asserts that the '072 application "is a 
continuation of the instant application" (Office action, p. 9). 

U.S. Application No. 12/173,074, now issued U.S. Patent No. 7,579,321, is a 
continuation of U.S. Application No. 11/744,615, now U.S. Patent No. 7,405,203, which is a 

division of the present application. See Exhibits A and B. The present application was 
restricted to composition claims, pursuant to a restriction requirement dated April 24, 2006, as 
reproduced below: 
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Restriction to one of the following inventions is required under 35 U.S.C. 121 : 

I. Claims I, 3-7, 9, and 14, drawn to a pharmaceutical composition comprising 0.5 
ng to 20 ug desmopressin and a pharmaceutical carrier, as well as an article of 
manufacture whereby the pharmaceutical composition is contained within a 
packaging material (e.g., a kit), classified in class 435, subclass 810, for example 

II. Claims 1 5 , 1 6, and 1 9-22, dawn to a method of treating or preventing a disease or 
condition treatable/preventable by desmopressin, classified in class 514, subclass 
2, for example. 

III. Claims 17, 18, and 23-26, drawn to a method of inducing an antidiuretic effect in 
a patient, classified in class 514, subclass 17, for example. The inventions are 
distinct, each from the other because of the following reasons: 

On May 19. 2006, Appellant responded without traverse, electing to prosecute claims 
drawn to pharmaceutical compositions. The restriction requirement was therefore maintained in 
the Office action of August 2, 2006. All claims pending in the present application are drawn to 
compositions; none are drawn to methods. In contrast, U.S. Patent No. 7,405,203 contains only 
claims drawn to the methods restricted out of the present application; none of the issued claims 
are drawn to compositions. The claims of U.S. Patent No. 7,579,321 are similarly limited to 
methods restricted out of the present application; none of its claims are drawn to compositions. 

As provided by 35 U.S.C. § 121: 

A patent issuing on an application with respect to which a requirement for 
restriction under this section has been made, or on an application filed as a result 
of such a requirement, shall not be used as a reference either in the Patent and 
Trademark Office or in the courts against a divisional application or against the 
original application ... if the divisional application is filed before the issuance of 
the patent on the other application, (emphasis added) 

Because the divisional application leading to the issuance of U.S. Patent No. 7,405,203 
and its continuation, U.S. Patent No. 7,579,321, were each filed during the pendency of the 
present application, and because the claims of each issued patent and its continuation are 
directed exclusively to subject matter restricted from the present application, neither issued 
patent can be used as a reference against the present application. 
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For this reason, too, the double patenting rejection must be reversed. 

Dated: November 9, 2009 Respectfully submitted, 

/Brian A. Fairchild/ 
Brian A. Fairchild 

Registration No.: 48,645 
GOODWIN PROCTER LLP 
Exchange Place 
Boston, Massachusetts 02109 
(617) 570-1963 
Attorney for Appellants 
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CLAIMS APPENDIX 

1. A pharmaceutical composition comprising 0.5 ng to 20 iig desmopressin and a 
pharmaceutically acceptable carrier in a dosage form adapted for intranasal, transdermal, or 
intradermal administration sufficient to establish in a patient a steady plasma/serum 
desmopressin concentration in the range of from about 0.1 picograms desmopressin per mL 
plasma/serum to about a maximum of 10.0 picograms desmopressin per mL plasma/serum and 
to decrease urine production. 

3. The pharmaceutical composition of claim 1 comprising from about 0.05 iig to about 10 
|ig desmopressin. 

4. The pharmaceutical composition of claim 1 comprising from about 0.1 |ig to about 2 tig 
desmopressin. 

6. The pharmaceutical composition of claim 1 in a dosage form adapted for transdermal 
delivery and comprising a patch, gel, cream, ointment, or iontophore. 

7. The pharmaceutical composition of claim 1 adapted for intradermal administration 
comprising a patch. 

9. The pharmaceutical composition of claim 1 in a dosage form sufficient to establishes in a 
patient a steady plasma/serum desmopressin concentration of from about 0.5 picograms 
desmopressin per mL plasma/serum to about 5.0 picograms desmopressin per mL plasma/serum. 

27. A pharmaceutical dosage form comprising desmopressin and a pharmaceutically 
acceptable carrier adapted for intranasal administration which when administered to a patient 
establishes a steady plasma/serum desmopressin concentration in the range of from about 0.1 
picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum for a time between four and six hours and decreases urine 
production. 

28. The composition of claim 27 which establishes a steady plasma/serum desmopressin 
concentration of from about 0.5 picograms desmopressin per mL plasma/serum to about 5.0 
picograms desmopressin per mL plasma/serum. 
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29. A pharmaceutical dosage form comprising desmopressin and a pharmaceutically 
acceptable carrier for intradermal or transdermal administration which when administered to a 
patient establishes a steady plasma/serum desmopressin concentration in the range of from about 
0.1 picograms desmopressin per mL plasma/serum to about a maximum of 10.0 picograms 
desmopressin per mL plasma/serum for a time between four and six hours and decreases urine 
production. 

30. The dosage form of claim 29 which establishes a steady plasma/serum desmopressin 
concentration of from about 0.5 picograms desmopressin per mL plasma/serum to about 5.0 
picograms desmopressin per mL plasma/serum. 

31. The dosage form of claim 29 comprising between 0.05 ug and 10 ug desmopressin. 

32. The dosage form of claim 29 adapted for intradermal administration comprising a patch. 



33. The dosage form of claim 29 adapted for transdermal delivery and comprising a patch, 
gel, cream, ointment, or iontophore. 
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EVIDENCE APPENDIX 



Exhibit A 


U.S. Patent No. 7,405,203, which was made of record as reference A73 in the 
supplemental Information Disclosure Statement of August 15, 2008, which was 
considered by the Examiner on January 8, 2009. 


Exhibit B 


U.S. Patent No. 7,579,321, which issued from U.S. Application No. 12/173,074, 
relied upon in the Office action of January 8, 2009. 


Exhibit C 


FDA Notice: Information for Healthcare Professionals Desmopressin Acetate 
(marketed as DDAVP Nasal Spray, DDAVP Rhinal Tube, DDAVP, DDVP, 
Minirin, and Stimate Nasal Spray, which was made of record as reference C14 in 
the supplemental Information Disclosure Statement of August 15, 2008, which was 
considered by the Examiner on January 8, 2009. 


Exhibit D 


Notice of Allowance, U.S. Patent No. 7,405,203, which was made of record on 
page 2 of the Information Disclosure Statement letter filed August 15, 2008. 


Exhibit E 


U.S. Patent No. 5,135,480 ("Bannon"), which was made of record as reference 
A36 in the supplemental Information Disclosure Statement of August 15, 2008, 
which was considered by the Examiner on January 8, 2009, and relied upon in the 
Office action of the same date. 


Exhibit F 


U.S. Patent No. 4,878,892 ("Sibalis"), which was made of record as reference A34 
in the supplemental Information Disclosure Statement of August 15, 2008, which 
was considered by the Examiner on January 8, 2009, and relied upon in the Office 
action of the same date. 


Exhibit G 


Fjellestad-Paulsen (Doctoral Dissertation), "Absorption and Metabolism of 
Neurohypophyseal Hormones, with special reference to Desmopressin (dDAVP), 
in Human Tissue and after Various Routes of Administration," 25 May 1996, 
("Fjellestad-Paulsen"), which was filed on August 15, 2008, in response to the 
Request for Information dated July 26, 2008, and was relied upon in the Office 
action of January 8, 2009. 


Exhibit H 


Declaration of Ronald V. Nardi Under 37 C.F.R. § 1.132, dated May 11, 2007 
("Nardi Declaration"), which was filed with a Request for Continued Examination 
on May 16, 2007, and was acknowledged at page 2 of the Office action dated 
October 16, 2007. 


Exhibit I 


Meyer et al. (1988), "Successful transdermal administration of therapeutic doses of 
a polypeptide to normal human volunteers," Clin. Pharmacol. & Therapeutics 
44(6):607-612, which was made of record as reference C5 in the supplemental 
Information Disclosure Statement of August 15, 2008, which was considered by 
the Examiner on January 8, 2009. 
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ABSTRACT 



The present inv ention is directed to a pharmaceutical compo- 
sition comprising 0.5 ng to 20 tig desmopressin and a phar- 
maceutical!}' acceptable carrier. The present invention is also 
directed to a pharmaceutical comp. isil ion comprising desmo- 
pressin and a pharmaceutically acceptable carrier, wherein 
the pharmaceutical composition is effective to establish a 
steady plasma/serum desmopressin concentration in the 
range of from about 0.1 picograms desmopressin per mL 
plasma/serum to about 10.0 picogram desmopressin per mL 
plasma/serum. Articles of manufacture and methods of using 
the above invention are also disclosed. 



15 Claims, 9 Drawing Sheets 
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PHARMACEUTICAL COMPOSITIONS 
INCLUDING LOW DOSAGES OF 
DESMOPRESSIN 



This application is a divisional of co-pending application 
Ser.No. 10/706,100, filed Nov. 12,2003; which is a Continu- 
ation-In-Part Application of PCT Application PCT/US03/ to 
14463 filed May 6, 2003. All of the aforementioned patent 
applications are herein incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 1 5 

1. Field of the Invention 

This invention relates to pharmaceutical compositions 
including desmopressin, and more particularly to pharmaceu- 
tical compositions including low dosages of desmopressin for 20 
treatment of certain human diseases. 

2. Brief Description of the Related Art 
Desmopressin (l-desamino-8-D-arginine vasopressin, 

dDAVP) is an analogue of vasopressin. Desmopressin has 
decreased vasopressor activity and increased antidiuretic 25 
activity compared to vasopressin. This pharmacological pro- 
file enables desmopressin to be clinically used for antidiuresis 
w ilhoul causing significant increases in blood pressure. Des- 
mopressin is commercially available as the acetate salt both in 
tablet form and as a nasal spray, and is commonly prescribed 30 
for voiding postponement, incontinence, primary nocturnal 
enuresis (PNE) and nocturia, among other indications, 
including central diabetes insipidus. 

Desmopressin has been administered intravenously, sub- 
cutaneously, intranasally and orally. The intravenous route of 35 
administration is clinically used almost exclusively to treat 
patients w ith mild hemophilia or Yon Willebrand's I )isease to 
raise blood levels of Factor VIII prior to surgery. Subcutane- 
ous injection is used infrequently and primarily in patients 
with central diabetes insipidus, a deficiency of vasopressin 40 
resulting in the renal production of large volumes of 
extremely dilute urine which can cause severe dehydration. 
Intranasal administration of desmopressin via a nasal spray is 
approv ed for the maintenance treatment of patients w ith cen- 
tral diabetes insipidus and in children (ages (1 to 16 years) with 4 s 
primary nocturnal enuresis. An oral tablet dosage form of 
desmopressin is also approved for the treatment of central 
diabetes insipidus and primary nocturnal enuresis. 

Currently, approved labeling for desmopressin recom- 
mends dosing in the follow ing ranges depending on the clini- 5u 
cal indication and the route of administration: 



Central Diabetes 



Intravenous (100) 0.3 mcg/kg (21 meg for 
kg patients) 

Intravenous (1 00) 2-4 meg qd or 1 -2 meg t 



The maximum plasma plasma serum 
achieved with a typical intranasal dose of desmopressin for 



CDI or PNE of 20 micrograms | meg i ir ug) would be approxi- 
mately 20-30 pg/mL based on 3-5% bioavailability. For the 
desmopressin oral tablet with only 0.1-0.15% bioavailability, 
a standard dose of 200-400 meg would also produce a peak 
plasma/plasma/serum level of 20-30 pg/mL. 

While existing formulations of desmopressin have met the 
needs of patients, there is still a need for improvement. Tab- 
lets are often preferred by patients because of their ease of 
use, discretion and the lack of uncertainty of correct admin- 
istration. However, tablets generally need to be taken with a 
glass of water or other drink, which is a problem as fluid 
intake needs to be restricted in connection with desmopressin 
treatment, and the message to the patient is much clearer 
when there is no water intake at all. In addition, while the 
above doses and plasma plasma serum concentrations are 
effective for treating CDI and PNE, standard dosages of des- 
mopressin have been shown to cause undesirable side-effects 
including high incidences of hyponatremia. Lower dosages 
are preferable if the same desired effect could be produced. 
However, the current trend in this field is the evaluation of 
higher dosages of desmopressin for treatment purposes. 

SUMMARY OF THE INVENTION 



In one aspect, the present invention is directed to a phar- 
maceutical composition, comprising 0.5 ng to 20 ug desmo- 
pressin and a pharmaceutical^ acceptable carrier. 

In another aspect, the present invention is directed to a 
pharmaceutical composition, comprising desmopressin and a 
pharmaceutically acceptable carrier, wherein the pharmaceu- 
tical composition is effective to establish a steady plasma/ 
plasma/serum desmopressin concentration in the range of 
from about 0.1 picograms desmopressin per niL plasma/ 
plasma/serum to about 10.00 picogram desmopressin per mL 
plasma/plasma/ serum. 

In another aspect, the present invention is directed to an 
article of manufacture comprising packaging material and a 
pharmaceutical composition contained within the packaging 
material, wherein the pharmaceutical composition is thera- 
peutically effective for treating or preventing hemophilia, 
Von Willebrand's Disease, incontinence, primary nocturnal 
enuresis (PNf ). nocturia, or central diabetes insipidus, and 
wherein the packaging material comprises a label which indi- 
cates that the pharmaceutical composition can be used for 
treating or preventing hemophilia. Yon Willebrand's I )isease. 
incontinence, primary nocturnal enuresis (TNI i). nocturia, or 
central diabetes insipidus, and wherein the pharmaceutical 
composition comprises 0.5 ng to 20 ug desmopressin and a 
pharmaceutically acceptable carrier 

In another aspect, the present invention is directed to a 
method of treating or preventing a disease or condition which 
is treatable or preventable by desmopressin, the method com- 
prising administering to a patient a daily dose of a therapeu- 
tically effective amount of a pharmaceutical composition 
comprising 0.5 ng to 20 ug desmopressin and a pharmaceu- 
tically acceptable carrier. 

In another asp eel. the present invention is directed to meth- 
ods of inducing antidiuretic effects in a patient, comprising 
the step of administering to a patient a daily dose of a thera- 
peutically effective amount of a pharmaceutical composition 
comprising 0.5 ng to 20 ug desmopressin and a pharmaceu- 
tically acceptable carrier. 

These and other aspects will become apparent upon read- 
ing the following detailed description of the invention. 
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BRIEF DESCRIPTION OF THE FIGURES 



n will be more fully understood from the fol- 
lowing detailed description taken in conjunction with the 
accompanying figures in which: 5 

FIG. 1 shows urine osmolality for each subject as a result of 
administration of 0.5 ng/kg of desmopressin; 

FIG. 2 shows urine osmolality for each subject as a result of 
administration of 1 .0 ng/kg of desmopressin; 

FIG. 3 shows urine osmolality for each subject as a result of 1 0 
administration of 2.0 ng/kg of desmopressin; 

FIG. 4 shows urine output for each subject as a result of 
administration of 0.5 ng/kg of desmopressin; 

FIG. 5 shows urine output for each subject as a result of 
administration of 1 .0 ng/kg of desmopressin; 15 

FIG. 6 shows urine output for each subject as a result of 
administration of 2.0 ng/kg of desmopressin; 

FIG. 7 shows mean urine osmolality resulting from admin- 
istration of 0.5, 1.0, and 2.0 ng/kg desmopressin; 

FIG. 8 shows urine output resulting from administration of 20 
0.5, 1.0, and 2.0 ng/kg desmopressin; and 

FIG. 9 shows mean urine osmolality and mean urine output 
resulting from administration of 0.5, 1.0, and 2.0 ng/kg des- 
mopressin. 2s 

DETAILED DESCRIPTION OF THE INVENTION 

II has now been discovered that desmopressin can be 
administered as a solid dosage form which is absorbed from 3Q 
the mouth and which provides improved bioavailability. It is 
surprising that desmopressin can be absorbed at all in this 
way, since the available evidence showed that desmopressin 
administered in the oral cavity (sub-lingually) was not sig- 
nificantly absorbed 1 1 jellestad-l'aulsen A. et al.. ( Tin. /:'//</«- 
crinol. 38 177-82 (1993)). It is even more unexpected that 
bioavailability can be improved compared to a conventional 
per oral tablet formulation (i.e. which is swallowed by the 
patient). 

It has also been unexpectedly discovered that low doses 40 
and plasma/plasma/serum levels of desmopressin are phar- 
macologically active and can achieve desired therapeutic effi- 
cacy. The present inventor has found that doses and plasma/ 
plasma/serum concentrations of desmopressin which are 
from 5 to 40% of the current recommended doses and result- 45 
ing plasma plasma serum levels are therapeutically effective, 
and in some cases safer for treatment of CDI, PNE. and 
additional clinical indications requiring pharmacological 
concentration of the urine. It has been discovered that the 
actual dose response curve of desmopressin is shifted to the 50 
left relative to current theory and practice and that at each 
plasma/plasma/serum concentration point over the dose 
range predicted an incremental phamiacological effect in 
terms of urine concentration is observed. 

According to a first aspect of the invention, there is pro- 55 
vided a pharmaceutical dosage form of desmopressin adapted 
for sublingual absorption. 

The desmopressin may be in the form of the free base or a 
pharmaceutically or, where appropriate veterinarily, accept- 
able salt, or in any other pharmaceutically or veterinarily 60 
acceptable form. The acetate salt is particularly preferred. 

The formulation will typically be solid. It may disperse 
rapidly in the mouth. Such formulations are termed 'orodis- 
persible'. The formulation w ill typically comprise a suitable 
carrier for this purpose, which will be pharmaceutically 65 
acceptable (or veterinarily acceptable in the case of adminis- 
tration to non-human animals). 



The daily dosage of desmopressin, measured as the free 
base, will generally be from 0.5 or 1 ug to 1 mg per dosage 
form. In one preferred dosage range, the dosage will typically 
range from 2 u,g to 800 ug per dosage form and preferably 
from 10 ug to 600 ug. Comparatively lower doses (e.g., lower 
dosages relative to the dosages above or provided in the art ) 
are also specifically contemplated, for example from 0.5 ng to 
20,000 ng, preferably 0.05 meg (50 ng) to 10 meg (10,000 
ng). and more preferably 0.1 meg (100 ng) to 2000 ng. When 
one dosage form per day is administered, as is usual for PNE 
and nocturia, this will typically be the dose per dosage form. 
When the daily dose is administered in two or more dosages, 
as will typically be the case for central diabetes insipidus, the 
amount of the active compound per dosage form will be 
reduced accordingly. The effective daily dosage will depend 
on the condition of the individual patient, and is thus within 
the ordinary skill of the art to determine for any particular 
patient. Other active ingredients, whether or not peptides, 
may also be present. 

Pharmaceutical dosage forms of the present invention are 
adapted to supply the active ingredient to the oral cavity. The 
active may be absorbed across the sublingual mucosa for 
systemic distribution. 

A variety of formulations are know n which are suitable for 
delivering other active ingredients for absorption from the 
oral cavity. Such formulations may be useful in the present 
invention. Among them are intrabuccally disintegral ing solid 
formulations orpreparations which comprise the acliv e ingre- 
dient, a sugar comprising lactose and/or mannitol and 0. 1 2 to 
1 .2 w/w %, based on the solid components, o f agar and w hich 
has a density of 400 mg/ml to 1,000 mg/ml and have a suffi- 
cient strength for handling, w hich in practice may mean suf- 
ficient strength to w ithstand removal from a blister packaging 
without disintegrating. Such formulations, and how to make 
them, are disclosed in U.S. Pat. No. 5,466,464, to which 
reference is made for further details. 

In thi s embodiment of the invention, the sugar may be used 
in the formulation in an amount of at least 50 w/w %, prefer- 
ably 80 w/w % or more, more preferably 90 w/w % or more, 
based on the total solid components, although it may vary 
depending on the quality and the quantity of the active ingre- 
dient to be used. 

Though types of agar are not particularly limited, those 
1 i sled i n the Ja pa nese Pharmacopoeia may be used preferably. 
Examples of the listed agar include agar powders PS-7 and 
PS-8 (manufactured by Ina Shokuhin). 

Agar may be used in an amount from 0.12 to 1 .2 w/w %, 
preferably from 0.2 to 0.4 w/w %, based on the solid compo- 

In order to produce a formulation in accordance with this 
embodiment of the present invention, a sugar comprising 
lactose and or mannitol is suspended in an aqueous agar 
solution, filled with a mould, solidified into a jelly-like form 
and then dried. The aqueous agar solution may have a con- 
centration of from 0.3 to 2.0%, preferably from 0.3 to 0.8%. 
'fhe aqueous agar solution may be used in such an amount that 
the blending ratio of agar based on the solid components 
becomes 0. 1 2 to 1 .2 w/w %, but preferably 40 to 60 w/w % of 
agar solution based on the solid components. 

( )ther formulations know n fordelivering active ingredients 
for absorption from the oral cavity are the dosage forms 
disclosed in U.S. Pat. No. 6,024,981 andU.S. Pat. No. 6,221, 
392. They are hard, compressed, rapidly dissolvable dosage 
forms adapted for direct oral dosing comprising: an active 
ingredient and a matrix including a non-direct compression 
filter and a lubricant, said dosage form being adapted to 
rapidly dissolve in the mouth of a patient and thereby liberate 
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said activ c ingredient, and h;i\ ing ;i friability of about 2"-o or 
less when tested according to the U.S. P., said dosage form 
optionally hav ing a hardness ol'at lea si about 1 5 New tons (N i. 
preferably from 15-50 N. U.S. Pat. No. 6,024,981 and U.S. 
Pat.No. 6,221,392disclosefurtherdetailsandcharacteristics 5 
of these dosage forms and how to make them. 

Preferably, dosage forms in accordance with this embodi- 
ment of the invention dissolve in about 90 seconds or less 
(preferably 60 seconds or less and most preferably 45 seconds 
or less ) in the patient's mouth. It is also often desirable that the 1(J 
dosage form include at least one particle. The particle would 
be the active ingredient and a protective material. These par- 
ticles can include rapid release particles and or sustained 
release particles. 

In a particularly preferred formulation in accordance w ith 1 " 
this embodiment of the present invention there is provided a 
hard, compressed, rapidly dissolving tablet adapted for direct 
oral dosing. The tablet includes particles made of an active 
ingredient and a protective material. These particles are pro- 
vided in an amount of between about 0.01 and about 75% by 20 
weight based on the weight of the tablet. The tablet also 
includes a matrix made from a non-direct compression filler, 
a wicking agent, and a hydrophobic lubricant. The tablet 
matrix comprises at least about 60% rapidly water soluble 
ingredients based on the total weight of the matrix material. 23 
The tablet has a hardness of between about 15 and about 50 
Newtons, a friability of less than 2% when measured by 
U.S. P. and is adapted to dissolve spontaneously in the mouth 
of a patient in less than about 60 seconds and therein' liberate 
said particles and be capable of being stored in bulk. 30 

A very find grained or powdered sugar known as a non- 
direct compression sugar may be used as a filler in the matrix 
of this embodiment the present invention. This material, in 
part because of its chemical composition and in part because 35 
of its fine particle si/e. will dissolve readily in the mouth in a 
matter of seconds once it is wetted by saliva. Not only does 
this mean that it can contribute to the speed at which the 
dosage form will dissolve, it also means that while the patient 
is holding the dissolving dosage form in his or her mouth, the 4Q 
filler will not contribute a "gritty" or "sandy" texture thus 
adversely affecting the organoleptic sensation of taking the 
dosage form. In contrast, direct compression versions of the 
same sugar are usually granulated and treated to make them 
larger and better for compaction. While these sugars are water 45 
soluble, they may not be solubilised quickly enough. As a 
result, they can contribute to the gritty or sandy texture of the 
dosage form as it dissolves. Dissolution time in the mouth can 
be measured by observ ing the dissolution time of the tablet in 
water at about 37° C. The tablet is immersed in the water 5Q 
without forcible agitation or with minimal agitation. The 
dissolution time is the time from immersion to substantially 
complete dissolution of the rapidly w ater soluble ingredients 
of the tablet as determined by visual observation. 

Particularly preferred fillers, in accordance with the 55 
present invention are non-direct compression sugars and 
sugar alcohols which meet the specifications discussed 
above. Such sugars and sugar alcohols include, w ithout limi- 
tation, dextrose, mannitol, sorbitol, lactose and sucrose. Of 
course, dextrose, for example, can exist as either a direct 60 
compression sugar, i.e.. a sugar which has been modified to 
increase its compressibility, or a non-direct compression 

Generally, the balance of the formulation can be matrix. 
Thus the percentage of filler can approach 100%. However, 65 
generally, the amount of non-direct compression filler useful 
in accordance with the present invention ranges from about 



6 

25 to about 95%, preferably between about 50 and about 95% 
and more preferably from about 60 to about 95%. 

The amount of lubricant used can generally range from 
between about 1 to about 2.5% by weight, and more prefer- 
ably between about 1 .5 to about 2% by weight. Hydrophobic 
lubricants useful in accordance with the present invention 
include alkaline stearates, stearic acid mineral and vegetable 
oils, glyceryl behenate and sodium stearyl fumarate. Hydro- 
philic lubricants can also be used. 

Protective materials useful in accordance with this embodi- 
ment of the present invention may include any of the poly- 
mers con\ entionally utilized in the formation of micropar- 
tieles. matrix-type microparticles and microcapsules. Among 
these are eellulosie materials such as naturally occurring cel- 
lulose and synthetic cellulose derivatives; acrylic polymers 
and vinyl polymers. Other simple polymers include proteina- 
ceous materials such as gelatin, polypeptides and natural and 
synthetic shellacs and waxes. Protective polymers may also 
include ethylcellulose, methylcellulose, carboxymethyl cel- 
lulose and acrylic resin material sold under the registered 
trade mark EUDRAGIT by Rhone Pharma GmbH of Weiter- 
stadt, Germany. 

In addition to the ingredients previously discussed, the 
matrix may also include wicking agents, non-effervescent 
disintegrants and effervescent disintegrants, Wicking agents 
are compositions w hieh are capable of drawing water up into 
the dosage form. They help transport moisture into the inte- 
rior of the dosage form. In that way the dosage form can 
dissolve from the inside as w ell as from the outside. 

Any chemical which can function to transport moisture as 
discussed above can be considered a wicking agent. Wicking 
agents include a number of traditional non-effervescent dis- 
integration agents. These include, for example, microcrystal- 
line cellulose (AVICEL PH 200, AVICEL PH 101), Ac-Di- 
Sol (Croscarmelose Sodium) and PVP-XL (a crosslinked 
polyvinylpyrrolidone): starches and modified starches, poly- 
mers, and gum such as Arabic and xanthan. Hydroxyalkyl 
cellulose such as hydroxymethylcellulose, hydroxypropyl- 
cellulose and hydroxyopropylmethylcellulose, as well as 
compounds such as carbopol may be used as well. 

The conventional range of non-effervescent disintegrant 
agents used in conventional tablets can he as high as 20%. 
However, generally, the amount of disintegration agent used 
ranged from between about 2 and about 5%, according to ti n- 
Handbook of Pharmaceutical Excipients. 

In accordance with this embodiment of the present inven- 
tion, the amount of wicking agents used may range from 
between 2 to about 12% and preferably from between 2 to 
about 5%. 

It is also possible, of course, to include non-effervescent 
disintegrants which may not act tow iek moisture, if desirable. 
In either event, it is preferable to use either rapidly water 
soluble, non-effervescent disintegrants or wicking agents 
and/or to minimize the use of generally non-water soluble 
wicking agents or non-effervescent disintegrants. Non-rap- 
idly dissolvable, non-rapidly water soluble elements if used 
in sufficient quantity, can adversely affect the organoleptic 
properties of the tablets as they dissolve within the mi >uth and 
therefore should be minimized. Of course, wicking agents or 
non-effervescent disintegrants which are rapidly water 
soluble as di scussed herein can be used in greater quantity and 
they will not add to the grittiness of the formulation during 
dissolution. Preferred wicking agents in accordance w ith the 
present invention include crosslinked PVP, although, the 
amounts of these must be controlled as they are not rapidly 
water soluble. 
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In addition, it may be desirable to use an effervescent 
couple, in combination with the other recited ingredients to 
improve the disintegration profile, the organoleptic properties 
of the material and the like. Preferably, the effervescent 
couple is provided in an amount of between about 0.5 and 5 
about 50%, and more preferably, between about 3 and about 
1 5% by weight, based on the weight of the finished tablet. It 
is particularly preferred that sufficient effervescent material 
be provided such that the evolved gas is less than about 30 cm. 
upon exposure to an aqueous environment. ! 

The term "effervescent couple" includes compounds 
which evolve gas. The preferred effervescent couple evolve 
gas by means of a chemical reaction which takes place upon 
exposure of the effervescent disintegration couple to water is 
and/or to saliva in the mouth. This reaction is most often the 
result of the reaction of a soluble acid source and an alkali 
monohydrogencarbonate or other carbonate source. The 
reaction of these two general compounds produces carbon 
dioxide gas upon contact with water or saliva. Such water- 20 
activated materials must be kept in a generally anhydrous 
state and with little or no absorbed moisture or in a stable 
hydrated form, since exposure to water will prematurely dis- 
integrate the tablet. The acid sources may be any which are 
safe for human consumption and may generally include food 2> 
acids, acid and hydrite antacids such as, for example: citric, 
tartaric, malic, fumaric, adipic, and succinics. Carbonate 
sources include dry sold carbonate and bicarbonate salt such 
as, preferably, sodium bicarbonate, sodium carbonate, potas- 3Q 
sium bicarbonate and potassium carbonate, magnesium car- 
bonate and the like. Reactants which evolve oxygen or other 
gasses and which are safe for human consumption are also 
included. 

In the case of the orally dissolvable tablets in accordance 35 
with the present invention, it is preferred that both the amount 
and the type of disintegration agent, either effervescent or 
non-effervescent, and the combination thereof be provided 
sufficient in a controlled amount such that the tablet provides 
a pleasant organoleptic sensation in the mouth of the patient. 4 ' 
In some instances, the patient should be able to perceive a 
distinct sensation of fizzing or bubbling as the tablet disinte- 
grates in the mouth. In general, the total amount of wicking 
agents, non-effervescent disintegrants and effervescent dis- 
integrants should range from 0-50%. However, it should be 
emphasized that the formulations of the present invention w ill 
dissolve rapidly and therefore, the need for disintegrating 
agents in minimal. As illustrated in the examples, appropriate 
hardness, friability and dissolution times can be obtained 
even without effervescent disintegrants or high quantities of 
w ieking agents. 

The use of a non-direct compression filler eliminates the 
need for many conventional processing steps such as granu- 
lation and/ or the need to purchase more expensive pre-granu- 55 
lated, compressible fillers. At the same time, the resulting 
dosage form is a balance of performance and stability. It is 
robust enough to be conventionally produced using direct 
compression. It is robust enough to be stored or packaged in 
bulk. Yet, it rapidly dissolves in the mouth while minimizing &(j 
the unpleasant feel of conventional disintegrating tablets to 
the extent possible. 

Formulations in accordance with the embodiment of the 
invention may be made by a method including the steps of: 

(n i forming a mixture including an active ingredient and a 
matrix including a non-direct compression filler and a lubri- 
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(b) compressing the mixture to form a plurality of hard, 
compressed, rapidly disintegrable dosage forms including the 
active ingredient distributed in the orally dissolvable matrix: 
and optionally 

(c) storing the dosage forms in bulk prior to packagiirg. In 
a preferred embodiment, the dosage forms are then packaged 
in a lumen of a package such that there is at least one per 
package. In a preferred particularly preferred embodiment, 
the dosage forms are then packaged in a lumen of a package 
such that there more than one per package. Direct compres- 
sion is the preferred method of forming the dosage forms. 

Other formulations know n fordelivering active ingredients 
for absorption from the oral cavity are the dosage forms 
disclosed in U.S. Pat. No. 6,200,604, which comprise an 
orally administrable medicament in combination with an 
effervescent agent used as penetration enhancer to influence 
the permeability of the medicament across the buccal, sub- 
lingual, and gingival mucosa. In the content of the present 
invention, the medicament is desmopressin, which is admin- 
istered inmost embodiments across the sublingual mucosa. In 
the formulations of this embodiment of the invention, effer- 
vescent agents can be used alone or in combination with other 
penetration enhancers, which leads to an increase in the rate 
and extent of oral absorption of an active drug. 

Formulations or dosage forms in accordance with this 
embodiment of the in\ ention should include an amount of an 
effervescent agent effective to aid in penetration of the drug 
across the oral mucosa. Preferably, the effervescent is pro- 
vided in an amount of between about 5% and about 95% by 
weight, based on the weight on the finished tablet, and more 
preferably in an amount of between about 30% and about 
80% by weight. It is particularly preferred that sufficient 
effervescent material be provided such that the evolved gas is 
more than about 5 cm 3 but less than about 30 cm 3 , upon 
exposure of the tablet to an aqueous environment. 

The term "effervescent agent" includes compounds which 
evolve gas. The preferred effervescent agents evolve gas by 
means of a chemical reaction which takes place upon expo- 
sure of the effervescent agent (an effervescent couple) to 
water and/or to saliva in the mouth. This reaction is most often 
the result of the reaction of a soluble acid source and a source 
of carbon dioxide such as an alkaline carbonate or bicarbon- 
ate. The reaction of these two general compounds produces 
carbon dioxide gas upon contact with water or saliva. Such 
water-activated materials must be kept in a generally anhy- 
drous state and with little or no absorbed moisture or in a 
stable hydrated form, since exposure to water will prema- 
htrely disintegrate the tablet. The acid sources may be any 
which are safe for human consumption and may generally 
include food acids, acid and hydrite antacids such as, for 
example: citric, tartaric, amalic. tumeric, adipic, and suc- 
cinics. Carbonate sources include dry solid carbonate and 
bicarbonate salt such as, preferably, sodium bicarbonate, 
sodium carbonate, potassium bicarbonate and potassium car- 
bonate, magnesium carbonate and the like. Reactants which 
evolve oxygen or other gasses and w liich are safe for human 
consumption are also included. 

The effervescent agentis > useful in tins embodiment of the 
present invention is not always based upon a reaction which 
forms carbon dioxide. Reactants which evolve oxygen or 
i ither gasses which are safe for human consumption are also 
considered w ithin the scope. Where the effervescent agent 
includes two mutually reactiv e components, such as an acid 
source and a carbonate source, it is preferred that both com- 
ponents react completely. Therefore, an equivalent ratio of 
components which provides for equal equivalents is pre- 
ferred. For example, if the acid used is diprotic. then either 
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twice the amount of a mono -reactive carbonate base, or an 
equal amount of a di-reactive base should be used for com- 
plete neutralization to be realized. However, in other embodi- 
ments of the present invention, the amount of either acid or 
carbonate source may exceed the amount of the other com- 5 
ponent. This may be useful to enhance taste and/or perfor- 
mance of a tablet containing an overage of either component. 
In this case, it is acceptable that the additional amount of 
either component may remain unreacted. 

Such dosage forms may also include the amounts addi- lu 
tional to that required for effervescence a pi 1 adjusting sub- 
stance. For drugs that are weakly acidic or weakly basic, the 
pll of the aqueous environment can inlluence the relative 
concentrations of the ioni/ed and unionized forms of the drug 
present in solution according to the Henderson- Hasselbach is 
equation. The pll solutions in which an effervescent couple 
iias dissoh ed is slightly acidic due to the evolution of carbon 
dioxide. ThepH of the local environment, e.g. saliv a in imme- 
diate contact with the tablet and any drug that may have 
dissolved from it, may be adjusted by incorporating in the 20 
tablet a pH adjusting substances which permit the relative 
portions of the ionized and unionized forms of the drug to be 
controlled. In this way, the present dosage forms can be 
optimized for each specific drug. If the unionized drug is 
known or suspected to be absorbed through the cell mem- 25 
brane (transcellular absorption) it would be preferable to alter 
the pH of the local environment (within the limits tolerable to 
the subject) to a level that favours the unionized form of the 
drug. Conversely, if the ionized form is more readily dis- 
solved the local environment should favour ionization. 30 

The aqueous solubility of the drug should preferably not be 
compromised by the effervescent and pH adjusting sub- 
stance, such that the dosage forms permit a sufficient concen- 
tration of the drug to be present in the unionized form. The 
percentage of the pi i adjusting substance and/or effervescent 35 
should therefore be adjusted depending on the drug. 

Suitable pH adjusting substance for use in the present 
invention include any weak acid or weak base in amounts 
additional to that required for the effervescence or, preferably, 
any buffer system that is not harmful to the oral mucosa. 40 
Suitable pH adjusting substance for use in the present inven- 
tion include, but are not limited to, any of the acids or bases 
previously mentioned as effervescent compounds, disodium 
hydrogen phosphate, sodium dihydrogen phosphate and the 
equivalent potassium salt. 45 

The dosage form of this embodiment of the invention pref- 
erably includes one or more other ingredients to enhance the 
absorption of the pharmaceutical ingredient across the oral 
mucosa and to improve the disintegration profile and the 
organoleptic properties of the dosage form. For example, the 50 
area of contact between the dosage form and the oral mucosa, 
and the residence time of the dosage form in the oral cavity 
can be improved by including a bioadhesive polymer in this 
drug delivery system. See, for example, Mechanistic Studies 
on Effervescent-Induced Permeability Enhancement by 55 
Jonathan Eichman(l'» 7 i. u hich is incorporated by reference 
herein. Effervescence, due to its mucus stripping properties, 
would also enhance the residence time of the bioadhesive, 
thereby increasing the residence lime for the drug absorption. 
Non-limiting examples of bioadhesives used in the present 60 
invention include, for example, Carbopol 934 P, Na CMC, 
Methocel, Polycarbophil (Noveon AA-1), HPMC, Na algi- 
nate. Na 1 lyaluronate and other natural or synthetic hioadhe- 

In addition to the effervescence-producing agents, a dos- 65 
age form according to this embodiment of the present inven- 
tion may also include suitable non-effervescent disintegra- 
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tion agents. Non-limiting examples of non-effervescent 
disintegration agents include: microcrystalline, cellulose, 
croscarmelose sodium, crospovidone, starches, corn starch, 
potato starch and modified starches thereof, sweeteners, 
clays, such as bentonite. alginates, gums such as agar. guar, 
locust bean, karaya. pectin and tragacanth. 1 )isintegrants may 
comprise up to about 20 weight percent and preferably 
between about 2 and about 10% of the total weight of the 
composition. 

In addition to the particles in accordance with this embodi- 
ment of the present invention, the dosage forms may also 
include glidants, lubricants, binders, sweeteners, flavouring 
and colouring components. Any conventional sweetener or 
flavouring component may be used. Combinations of sweet- 
eners, flavouring components, or sweeteners and flavouring 
components may likewise be used. 

Examples of binders which can be used include acacia, 
tragacanth. gelatin, starch, cellulose materials such as methyl 
cellulose and sodium carboxy methyl cellulose, alginic acids 
and salts thereof, magnesium, aluminium silicate, polyethyl- 
ene glycol, guar gum. polysaccharide acids, bentoniles. sug- 
ars, invert sugars and the like. Binders may be used in an 
amount of up to 60 weight percent and preferably about 10 to 
about 40 weight percent of the total composition. 

Colouring agents may include titanium dioxide, and dyes 
suitable for food such as those known as F.D. & C. dyes and 
natural coloring agents such as grape skin extract, beet red 
powder, beta-carotene, armatto, carmine, turmeric, paprika, 
etc. The amount of colouring used may range from about 0.1 
percent to about 3,5 weight percent of the total composition. 

Flavours incorporated in the composition may be chosen 
from synthetic flavours oils and flavouring aromatics and/or 
natural oils, extracts from plants, leaves, flowers, fruits and so 
forth and combinations thereof. These may include cinnamon 
oil, oil of wintergreen, peppermint oils, clove oil, bay oil anise 
oil, eucalyptus, thyme oil, cedar leave oil, oil of nutmeg, oil of 
sage, oil of bitter almonds and cassia oil. Also useful as 
flavours are vanilla, citrus oil, including lemon, orange, 
grape, lime and grapefruit, and fruit essences, including 
apple, pear, peach, strawberry, raspberry, cherry, plum, pine- 
apple, apricot and so forth. Flavours which have been found to 
be particularly useful include commercially available orange, 
grape, cherry and bubble gum flavours and mixtures thereof. 
The amount of flavouring may depend on a number of factors, 
including the organoleptic effect desired. Flavours may be 
present in an amount ranging from about 0.05 to about 3 
percent by weight based upon the weight of the composition. 
Particularly preferred flavours are the grape and cherry fla- 
v ours and the citrus flavours such as orange. 

One aspect of the invention provides a solid, oral tablet 
dosage form suitable for sublingual administration, f xcipient 
fillers can be used to facilitate tableting. The filler desirably 
w ill also assist in the rapid dissolution of the dosage form in 
the mouth. Non-limiting examples of suitable fillers include: 
mannitol, dextrose, lactose, sucrose, and calcium carbonate. 

As described in U.S. Pat. No. 6,200,604, tablets can either 
be manufactured by direct compression, wet granulation or 
any other tablet manulacturing technique. The dosage form 
may be administered to u human or other mammalian subject 
by placing the dosage form in the subject" s mouth and holding 
it in the mouth, beneath the tongue ( lor sublingual adminis- 
tration). The dosage form spontaneously begins to disinte- 
grate due to the moisture in the mouth. The disintegration, 
particularly the effervescence, stimulates additional saliva- 
tion w hich further enhances disintegration. 

Although the above described formulations are within the 
scope of the present invention, the most preferred orodispers- 
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ible solid pharmaceutical dosage forms according to the 
invention comprise a pharmaceutical ly active peptide and an 
open matrix network carrying desmopressin, the open matrix 
networkbeing comprised of a water-soluble or water-dispers- 
ible carrier material that is inert towards desmopressin. 5 

Pharmaceutical dosage forms comprising open matrix net- 
works are known from GB-A- 1 548022, to which reference is 
made for further details. Pharmaceutical dosage forms of the 
invention can be rapidly disintegrated by water. By "rapidly 
disintegrated" is meant that the shaped articles are disinte- to 
grated in water within 10 seconds. Preferably the shaped 
article disintegrates (dissolves or disperses) within 5 seconds 
or less. The disintegration time is measured by a procedure 
analogous to the Disintegration [est for Tablets, B.P. 1973. 
The procedure is described in GB-A-1 548022 and outlined 15 

Apparatus 

A glass or suitable plastic tube 80 to 100 nun long, with an 
internal diameter of about 28 nun and an external diameter of ^ 
30 to 3 1 mm. and lilted al the lower end. so as lo form a basket, 
with a disc of rustproof wire gauze complying with the 
requirements for a No. 1 .70 sieve. 

A glass cylinders ifha flat base and an internal diameter of 
about 45 mm containing water not less than 1 5 cm deep at a ^ 
temperature between 36° and 38° C. 

The basket is suspended centrally in the cylinder in such a 
way that it can be raised and lowered repeatedly in a uniform 
manner so that at the highest position thegau/e just breaks the 
surface of the water and at the lowest position the upper rim of JQ 
the basket just remains clear of the water. 

Method 

Place one shaped article in the basket and raise and lower it 
in such a manner that the complete up and down movement is 
repeated at a rate equivalent to thirty times a minute. The 35 
shaped articles are disintegrated when no particle remains 
above the gau/e which w ould not readily pass through it. No 
such particle should remain after 10 seconds. 

By the term "open matrix network" there is meant a net- 
work of water-soluble or water-dispersible carrier material 40 
having interstices dispersed throughout. The open matrix net- 
work of carrier material is of generally low density. For 
example the density may be within the range 10 to 200 mg/cc 
e.g. 10 to 100 mg/cc, preferably 30 to 60 mg/cc. The density 
of the shaped article may be affected by the amount of active 45 
ingredient, or any other ingredients, incorporated into the 
article and may be outside the above mentioned preferred 
limits for the density of the matrix network. The open matrix 
network which is similar in structure to a solid foam enables 
a liquid to enter the product through the interstices and per- 50 
meate through the interior. Permeation by aqueous media 
exposes the carrier material of both the interior and exterior of 
the product to the action of the aqueous media whereby the 
network of carrier material is rapidly disintegrated. The open 
matrix structure is of a porous nature and enhances disinte- 55 
gration ofthe product as compared with ordinary solid shaped 
pharmaceutical dosage forms such as tablets, pills, capsules, 
suppositories and pessaries. Rapid disintegration results in 
rapid release of the active ingredient carried by the matrix. 

The carrier material used in the product of the invention 60 
may be any water-soluble or water-dispersible material that is 
pharmacologically acceptable or inert to the chemical and 
which is capable of forming a rapidly disintegratable open 
matrix network. It is preferred to use water-soluble material 
as the carrier since this results in the most rapid disintegration 
of the matrix when the product is place in an aqueous 
medium. A particularly advantageous carrier may be formed 
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irom polypeptides such as gelatin, particularly gelatin w Inch 
is particularly hydrolysed, e.g. by heating in water. For 
example, the gelatin may be partially hydrolysed by heating ; i 
solution ofthe gelatin in water, e.g. in an autoclave at about 
120° C. for up to 2 hours, e.g. from about 5 minutes to about 
1 hour, preferable from about 50 minutes to about 1 hour. The 
hydrolysed gelatin is preferably used at concentrations of 
about 1 to 6% weight/vol., most preferably at 2 to 4% e.g. 
about 3%. 

Although mammalian derived gelatin may be used, it has 
an unpleasant taste and thus necessitates the use of sweeten- 
ers and flavours to mask the taste of the gelatin in addition to 
any sweeteners and flavours which may be required to mask 
the taste of the active ingredient. Moreover, the heating step 
necessary with the use of mammalian gelatin increases pro- 
cessing times and incurs heating costs thereby increasing the 
overall costs of the process. Therefore, the use of fish gelat in. 
especially non-gelling fish gelatin, is preferred, especially for 
desmopressin. Reference is made to WO-A-0061 1 17 for fur- 
ther details. 

Other carrier materials may be used in place of partially 
hydrolysed gelatin or fish gelatin, for example polysaccha- 
rides such as hydrolysed dextran, dextrin and alginates (e.g. 
sodium alginate) or mixtures of above mentioned carriers 
with each other or with other carrier materials such as poly- 
vinyl alcohol, polyvinylpyrrolidine or acacia. Modified 
starch may also be used in place of gelatin, as described in 
WO-A-0044351, to which reference is made for further 
details. Additional carriers include water, lactose, starch, 
magnesium stearate, talc, plant oils. gums, alcohol. Vaseline 
(petroleum jelly), or the like. 

Pharmaceutical dosage forms of the invention may be in 
the form of shaped articles. They may incorporate ingredients 
in addition to the active ingredient(s). For example the phar- 
maceutical dosage form ofthe present invention may incor- 
porate pharmaceutically acceptable adjuvants. Such adju- 
vants include, for example, colouring agents, flavouring 
agents, preservations (e.g. bacteriostatic agents >. and the like. 
U.S. Pat. No. 5,188,825 teaches that water soluble active 
agents should be bonded to an ion exchange resin to form a 
substantially water insoluble active agent/resin complex; 
although that teaching may be practiced here ( for which ref- 
erence to U.S. Pat. No. 5,1 88,825 is made for further details), 
it has been found in the development ofthe present invention 
that water soluble peptides such as desmopressin may be 
formulated in solid dosage forms ofthe invention without the 
need for bonding to an ion exchange resin. Such dosage form s 
may therefore be free of an ion exchange resin. For hydro- 
phobic peptides, w hich desmopressin is not. a surfactant may 
be present, as taught in U.S. Pat. No. 5,827,541, to which 
reference is made for further details. For peptides with an 
unpleasant taste (w Inch desmopressin does not have), a lipid 
such as a lecithin may be present to improve patient accept- 
ability, as taught in U.S. Pat. No. 6, 1 56,339, to which refer- 
ence is made for further details. Other strategies for taste 
masking include conversion of a soluble salt to a less soluble 
salt or to the free base, as taught by U.S. Pat. No. 5,738.875 
and U.S. Pat. No. 5,837,287, and the use of a process dis- 
closed in U.S. Pat. No. 5,976,577 wherein, prior to freeze 
drying, a suspension ofuncoated or coated coarse particles of 
the pharmaceutical^ active substance(s) in a carrier material 
is cooled to reduce the v iscosity and minimize release ofthe 
active substance during processing, as well as beyond the 
point of disintegration of the form in the mouth, to minim i/e 
bad taste from the peptide; reference is made to the cited 
patents for further details. 



US 7,405,203 B2 



13 



14 



For insoluble or poorly soluble peptides having a large 
particle si/c. xanlhan gum may be present, particularly w hen 
the carrier is formed from gelatin, as the xanthan gum may act 
as a gelatin flocculating agent, as disclosed in U.S. Pat. No. 
5.63 1 ,023. to which reference is made for further details. 5 

As taught by WO-A- 932301 7 one or more amino acids 
having from about 2 to 12 carbon atoms may be present, when 
the matrix is selected from the group consisting of gelatin, 
pectin, soy fibre protein and mixtures thereof. In this formu- 
lation the preferred amino acid is glycine, while the preferred lu 
matrix forming agent is gelatin and or pectin: in a particularly 
preferred embodiment, the dosage form additionally com- 
prises mannilol. All excipienls will be chosen to be pharma- 
ceutically acceptable. 

Pharmaceutical dosage forms of the present invention may 1 5 
be prepared by a process as described in GB-A- 1548022, 
which comprises subliming sc. Kent from a composition com- 
prising the pharmaceutical substance and a solution of the 
carrier material in a solvent, the composition being in the 
solid state in a mould. 20 

The sublimation is preferably carried out by freeze drying 
a composition comprising the active ingredient and a solution 
of the carrier material in a solvent. The composition may 
include additional ingredients, such as those mentioned 
above. The solvent is preferably water but it may contain a 25 
co-solvent (such as an alcohol e.g. tert-butyl alcohol) to 
improve the solubility of the chemical. The composition may 
also contain a surfactant e.g. Tween 80 (polyoxyethylene (20) 
sorbitan mono-oleate i. The surfactant may help to prevent the 
freeze dried product sticking to the surface of the mould. It 30 
may also aid in the dispersion of the aeti\e ingredient. 

The composition may contain a pi I adjusting agent to 
adjust the pH of a solution from which the dosage form is 
prepared within the range of from 3 to 6, preferably from 3.5 
to 5.5, and most preferably from4 to 5, forexample4.5 or4.8. 35 
Citric acid is a preferred pH adjusting agent, but others 
including hydrochloric acid, malic acid can be used. Such 
non-volatile pi I adjusting agents will not be removed by the 
freeze drying or other sublimation process and so may be 
present in the final product. 40 

The mould may comprise a st 
shape depressions in it, each of ; 

desired si/e of the shaped article. Alternatively, the si/eol'lhe 
depression in the mould may be larger than the desired size of 
the article and after the contents have been freeze dried the 45 
product can be cut into the desired size (for example thin 
wafers). 

However, as described in GB-A-21 11423, the mould is 
preferably a depression in a sheet of filmic material. The 
filmic material may contain more than one depression. The so 
filmic material may be similar to that employed in conven- 
tional blister packs which arc used for packaging oral contra- 
ceptive tablets and like medicament forms, for example the 
filmic material may be made of thermoplastic material with 
the depressions formed by thermoforming. The preferred 55 
filmic material is a polyvinyl chloride film. Laminates of 
filmic material may also be used. 

In one embodiment the mould comprises a metal plate (e.g. 
an aluminium plate! containing one or more depressions. In a 
preferred process using such a mould, the mould is cooled 60 
with a cooling medium (e.g. liquid nitrogen or solid carbon 
dioxide). When the mould is cooled a predetermined amount 
of water containing the carrier material, the active ingredient 
and any other desired ingredient is fed into the depression(s). 
When the contents of the depression^ I are frozen the mould 65 
is subjected to reduced pressure and, if desired, controlled 
application of heat to aid the sublimation. The pressure can be 
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below about 4 mm. Hg; GB-A- 1548022 teaches the employ- 
ment of pressures of below 0.3 mm Hg, for example 0. 1 to 0.2 
mm is preferred. The freeze dried produces may be removed 
from the depressions in the mould and stored for future use, 
e.g. in airtight jars or other suitable storage containers. Alter- 
nate eh . the freeze dried product may be enclosed by filmic 
material as described in GB-A-21 1 1423. 

A later developed process useful for making pharmaceuti- 
cal dosage forms in accordance with the invention is 
described in GB-A-21 1 1423, to which reference is made for 
further details. The process comprises filling a composition 
comprising a predetermined amount of active ingredient and 
a solution of partially hydrolysed gelatin into a mould, freez- 
ing the composition in the mould by passing gaseous cooling 
medium over the mould and then subliming solvent from the 
frozen composition so as to produce a network of partially 
hydrolysed gelatin carrying the active ingredient. 

In order to help ensure an e\en thickness of product, the 
side wall or walls of the mould may diverging outwards from 
the base and making an angle with the vertical of at least 5° at 
the surface of the composition, as described in GB-A- 
21 19246 to which reference is made for further details. 

Alternatively or in addition, pharmaceutical dosage forms 
of the present invention may be prepared by a process as 
described in GB-A-21 14440 which comprises freezing a 
composition comprising a solution in a first solvent of a 
water-soluble or water dispersible carrier material that is inert 
tow ards the active ingredient, subliming the first solvent from 
the frozen composition so as to produce a product having a 
network of carrier material, adding to said product a solution 
or suspension of a second non-aqueous solvent containing a 
predetermined amount of the acti\e ingredient and allowing 
or causing the second solvent to evaporate. Reference is made 
to GB-A-21 14440 for further details. 

Alternatively or in addition, pharmaceutical dosage forms 
of the present invention may be prepared by a process as 
described in GB-A-21 11 184, which comprises introducing 
the liquid medium in the form of droplets beneath the surface 
ol a cooling liquid w hieh is maintained at a temperature lower 
than the freezing point of the liquid medium, the cooling 
liquid being immiscible with, and inert with respect to, the 
liquid medium and having a density greater than that of both 
the liquid medium and the resulting frozen particles such as 
the liquid droplets lloat upw ards in the cooling liquid towards 
the surface thereof, they are fro/en to form spherical particles. 
The fro/en spherical particles can be collected at or near the 
upper surface of the cooling liquid. Reference is made to 
GB-A-21 1 1 184 for further details. 

Dosage forms in accordance with the invention have 
improved bioavailability. They are intended to be taken orally, 
and are highly suitable for that purpose. They disperse rapidly 
in the mouth, and may forexample be placed under the tongue 
(sub-lingually). 

According to a second aspect of the invention, there is 
provided a dosage form as described above for use in medi- 
cine, particularly, for voiding postponement, incontinence, 
primary nocturnal enuresis (TNf ). nocturia and central dia- 
betes insipidus. 

The invention provides a method of postponing voiding, 
treating or presenting incontinence, primary nocturnal enure- 
sis (PNE). nocturia and/or centra! diabetes insipidus, the 
method comprising administering an effective and generally 
non-toxic amount of desmopressin to a subject across the 
sublingual mucosa, forexample in a dosage form as described 
above. Any otiier disease or condition treatable or preventable 
by desmopressin may similarly be addressed by means of 
The invention therefore extends to the use of des- 
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mopressin in the manufacture of a sublingually absorbable 
pharmaceutical formulation, ['he invention also extends to a 
pack comprising a sublingually absorbable pharmaceutical 
dosage form of desmopressin together with instructions to 
place the dosage form under a patient' s tongue. 5 

Encompassed within the invention is also a method for 
preparing a packaged dosage form of desmopressin, the 
method comprising bringing into association a sublingually 
absorbable pharmaceul ical dosage form of desmopressin and 
instructions to place the dosage form under a patient's tongue, 1" 
The instructions may lor example be printed on packaging 
encompassing the dosage form when sold or dispensed, or 
may be on a product information leaflet or insert within the 
packaging. 

Other peptides apart from desmopressin are lormulatable 1 ^ 
in the formulations described above. The invention therefore 
extends to a pharmaceutical dosage form of a pharmaceuti- 
cally active peptide adapted for oral absorption. 

According to a further aspect of the invention, there is 
provided a solid pharmaceutical dosage form, forexamplefor 

1- ral administration, the dosage form comprising a pharma- 
ceutically acth e peptide and an open matrix network carrying 
the peptide, the open matrix network being comprised of a 
water-soluble or water-dispersible carrier material that is 
inert towards the peptide. 

Although oral vaccines made from fast dissoh ing dosage 
forms ;ire known from WO- A-992 1 579, there is no disclosure 
of pharmaceutically active peptides retaining their activity 
after administration. The experimental work in WO-A- 3Q 
9921 579 merely shows the presence in saliva of IgA antibod- 
ies to tetanus toxoid following the administration of tetanus 
toxoid by means of an adjuvanted fast dissolving dosage 
vaccine formulation, formulations of the present invention 
are not vaccines and do not include adjuvants. 35 

Pharmaceutical dosage forms of this aspect of the inven- 
tion contain a pharmaceutically active peptide. Such peptides 
may be directly active per se or they may have one or more 
active metabolites, i.e. they may be prodrugs for the primary 
or true active principle. The peptides may have for example 40 
from 2 to 20, preferably from 5 to 15, amino acid residues (at 
least some of w hich may be D-isomer. although 1 -isomers 
w ill generally be predominant). The peptides may be linear, 
branched or cyclic, and may include natural residues or sub- 
stituents or residues or substituents not found in natural pep- 4S 
tides or proteins either commonly or at all. Pharmaceutically 
acceptable salts, simple adducts and tautomers are included 
where appropriate. 

Examples of peptides usefully formulated by means of the 
invention include somatostatin and its analogues including 50 
Cyclo(MeAla-Tyr- Z3 -Trp-Lys-Val-Phe) and Cyclo(Asn-Phe- 
Phe-^-Trp-^-Lys-Thr-Phe-GABA), enkephalins including 
Met 5 -enkephalin and Leu" 1 -enkephalin, oxytocin analogues 
such as atosiban (l-deamino-2- i;i -Tyr-(OEt)-4-Thr-8-Om- 
oxytocin), GnRH analogues such as triptorelin (6-,, -ftp- s.s 
GnRH), leuprolide ([^-Leu 6 , Pro 8 -NHEt] -GnRH), degarelix 
(Ac- Z3 -2Nal- Z3 -4Cpa- D -3Pal-Ser-4Aph(L-Hydroorotyl)- jD - 
4Aph(Cbm)-Leu-llys -Pro-^-Ala-NH^ where 2Nal is 

2- naphthylalanine, 4Cpa is 4-chlorophenylalanine. 3Pal is 

3- pyridylalanine, ILys is N(8)-isopropyllysine, 4Aph is 60 

4- aminophenylalanine and Cbm is the carbamoyl group) and 
other GnRH antagonists disclosed in U.S. Pat. No. 5,925,730 
and U.S. Pat. No. 4.072.668. and vasopressin analogues such 
as desmopressin. It is particularly preferred to formulate by 
means of the invention agonists of naturally active peptides, 65 
such as those described above, since agonists may be active at 
lower doses than antagonists 



16 

Dosage will be as determined by the physician or clinician, 
depending on the nature of the peptide, the nature of the 
disease or condition being treated or prevented, and other 
factors. 

The invention extends to the use of a peptide in the manu- 
facture of a dosage form as described above for treating or 
preventing a disease or condition which is treatable or pre- 
ventable by a peptide. 

The invention also provides a method of preventing a dis- 
ease or condition which is treatable or preventable by a pep- 
tide, the method comprising administering an effective and 
generally non-toxic amount of the peptide to a subject in a 
dosage form as described above. 

Low Dosage Analysis and Applications 

As indicated above, doses and plasma plasma serum con- 
centrations of desmopressin which are from 5 to 40% of the 
current recommended doses and resulting plasma/plasma/ 
serum levels are therapeutically effective and in some cases 
safer for certain disease conditions such as (1)1. PNE. and 
additional clinical indications requiring pharmacological 
concentration of the urine. 

Clinical observations in adult males and females treated 
with desmopressin for a condition known as nocturia (which 
results in frequenl nighl time urination) suggested that lower 
dosages of desmopressin would be desirable. In this patient 
population, standard intranasal and oral doses of desmo- 
pressin produced an unexpectedly high incidence of 
hyponatremia, a condition in which plasma plasma serum 
sodium falls to abnormally low levels. Hyponatremia can 
result in seizures, cardiac arrhythmias, cerebral edema and 
death. The oral doses of desmopressin were in the 1 00 to 400 
meg range and the intranasal doses were in the 10 to 20 meg 
range. While these doses decreased the incidence of nocturia, 
the hyponatremia suggested thai the doses were unnecessar- 
ily high resulting in an excessive duration of pharmacody- 
namic effect on urine concentration with consequent over- 
hydration and dilutional lowering of plasma/plasma/serum 
sodium. I ower doses of desmopressin would produce 
adequate but not excessive antidiuresis in terms of the mag- 
nitude and duration of action. 

In accordance with the present invention, plasma/plasma/ 
serum desmopressin concentrations following administration 
of the pharmaceutical composition of the invention prefer- 
ably range from about 0.1 pg/mL to about 10.0 pg/ml . and 
more preferably from about 0.5 pg/mL to about 5.0 pg/mL. 
These amounts and ranges of desmopressin may be adminis- 
tered by any method known in the art. including, without 
limitation, intravenous (bolus, infusion); subcutaneous (bo- 
lus, infusion, depot): intranasal; transmucosal (buccal and 
sublingual, e.g., orodispersible tablets, wafers, film, and 
effervescent formulations; conjunctival (eyedrops); rectal 
(suppository, enema)); transdermal (passive via patch, gel, 
cream, ointment or iontophoretic): or intradermal (bolus, 
infusion, depot) as outlined below. Additionally, pharmaceu- 
tical compositions that contain desmopressin in an amount 
that provide the above plasma plasma serum desmopressin 
levels may be prepared by the above methods and using the 
above carriers, or any other method known in the art. 

The dose ranges i > f desmopressin outlined above can pro- 
duce appropriate antidiuretic effect when administered by 
various routes as summarized in the examples below: 
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Example 



0.5 ng-2000 na 
0.5 ng-2000 ng 
0.1 mcg-20 meg 



2 400 ug Desmopressin Orodispersible Dosage Form 



The procedure of Example 1 herein is followed, except that 
the amount of desmopressin per unit dosage form was 400 ug. 



Example 

3 800 ug Desmopressin Orodispersible Dosage Form 



The procedure of Example 1 herein is followed, except that 
the amount of desmopressin per unit dosage form was 800 ug. 
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Example 4 

200 ug Desmopressin Orodispersible Dosage Form 



Following the general procedure given in Example 1 of 
\V( )-A-0()(>] 1 1 7. a desmopressin dosage form orodispersible 
dosage form was prepared using the following ingredients per 
unit dosage form: 



Administration of low dosages of desmopressin can be an 
effective trealmenl regimen for clinical indications such as 
treatment of central diabetes insipidus. pre\ ention of primary 
nocturnal enuresis, prevention of nocturia, treatment of clini- 
cal disorders associated with nocturia including but not lim- 
ited to sleep disturbances, prevention of incontinence (stress, 
urge, and the like), and voiding postponement during waking 
hours. 

Specific formulations of desmopressin mav also be created ~ . _ , „ . , . , ! " ~ 

, . , , , ,. ,. ■ , ■ ■, 1 K-Mik'PivsMii ' IVMVplidc I ;i^.i-iK.|-k-s. Swolan 

which enhance absorption and increase its systemic bioavail- 2 5 Mannit oi ep/usp (Requeue Mannitol 15, 
ability. I'hese lormulalions can result in incremental pharma- Fish gelatin USNF/EP 
cological effects at each point along the dose response cun e. < nn, acid uf nccessarx i ,plt adjusii.ig age.ui 
thus amplifying the activ ity of ev en low doses of desmo- Purified water 



EXAMPLES 

The present invention is further described in detail by 
means of the follow ing I xamplcs. All parts and percentages 
are bv weiiihl unless explicitly stated otherw ise. 

3 

Example 1 

200 ug Desmopressin Orodispersible Dosage Form 

Spray-dried fish gelatin (4 g) and mannitol ( 3 g) arc added 4 
to a glass beaker. Purified water (03 g) is then added and 
solution effected by stirring using a magnetic follower. The 
pH is checked and adjusted to 4.8 with citric acid as neces- 
sary. A Gilson pipette can then be used to deliver 500 mg of 
this solution into each one of a series of pre-formed blister 
pockets lia\ ing a pocket diameter of about Id mm. The blister 
laminate may comprise PYC coated with P\'dC. The dosed 
units are then fro/en at a temperature of-1 10" ('. in a freeze 
tunnel with a residence time of 3.2 minutes and the fro/en 
units arc then held in an upright freezer for a time greater than 
1 .5 hours at a temperature of -25° ('. (±5° C). The units are 5 
then freeze-dried overnight with an initial shelf temperature 
of 10° C. rising to +20° C. at a pressure of 0.5 mbar. The units 
can be checked for moisture prior to unloading by the drying 
trace and by the pressurized moisture check. 

In this way, following the general procedure given in s 
Example 1 of WO-A-00611 17. a desmopressin orodispers- 
ible dosage form is prepared using iiie follow ing ingredients 
per unit dosage form: 



Example 5 

4(H) ug I Vsmopressin ( )rodispersible 1 )osage form 



The procedure of Example 4 herein w 
that the amount of desmopressin per un 
400 ug. 



s followed, except 
: dosage form was 



Example 6 

an Orodispersible Dosage Form 



The procedure of Example 4 herein was followed, except 
that the amount of desmopressin per unit dosage form was 
800 ug. 



Comparative Example 1 
Desmopressin i.v. Solution 



An injectable preparatior 
tionally prepared using (lie follow ing ingredier 



1 K'sinoprcssiii [ 1'olvlVpl dc 1 ;noraloncs. Sweden i 

(National Corporation of Swedish Pharmacies. Sweden) 
Hydrochloric acid (IN) (Merck, Germany) 
Walcr (or injection 



■ssin ilVMVpluL- I aboralor 
H> I :SP (Roquelte. Mannito 
in USNF/EP 

iiii' ncccssar\ ) ipll adjnsliipi 



q.s.topH4.8 
(Removed during 
processing) 



Comparative Example 2 
200 ug Desmopressin ( Conventional Tablet 



Using a conventional w et granulat: 
aining the following ingredients wei 
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Desmopressin (Polypeptide Laboratories, Sweden) 200 fig 

Lactose (Pharmatose 150M, DMV, The Netherlands) 120 mg 

Pola'o starch (LyckebyAB, Sweden) 77 mg 

PVP i Kollidon 25, BASF, Germany) 1.8 mg 

Vlamicsiiini slcaralc ( IV1 er ( nv\ en. ( jcriiiany i 1 mg 

(Iraiailalisai Liquid iwaler. cthaiiol) (Removed during 
processing) 



Comparative Example 3 

100 ug Desmopressin Conventional Tablet 

The procedure of ( 'omparaliv e Example 2 was followed, 
except lhal iheamouiu of desmopressin was lOOug per lahlel. 

Example 7 

Bioavailability Of 1 )esmopressin Administered in 
Accordance with Examples 4 to 6 

Study Design 

Twenty-four healthy non-smoking male volunteers were 
enrolled in the present study. The study was designed as a 
one-centre, open-labelled, randomized, balanced, 4-way 
cross-over phase I study. Each subject was, in a randomized 
order, administered sublingually desmopressin as a 200 tig, 
400 ug and S00 tig orodispersible dosage form (Examples 4, 
5 and 6, respectively) and 2 ug as an i.v. bolus dose (Com- 
parative I ixample 1). Between the doses there was a washout 
period of 72 hours. In order to standardize the buccal mucosa 
before administration of the orodispersible tablet, the sub- 
jects were asked to avoid foods, chewing gun etc. Subjects 
were allowed to brush their teeth in the morning before dos- 
ing, but without toothpaste. 

Blood Samples 

Blood samples for plasma concentration of desmopressin 
were collected according to the following schedule: pre-dose 
and 15, 30 and 45 min and at 1, 1.5,2,3,4, 6, 8, 10, 12and24 
hours post-dosing. After intravenous administration addi- 
tional blood samples were collected 5 and 10 minutes post- 
dosing. 

Assay 

The concentration of desmopressin in plasma w as deter- 
mined by a validated RIA method. 

Pharmacokinetic .Analysis 

The concentration of desmopressin in plasma was ana- 
lyzed for the individual volunteer in each administration 
group, by use of non-compartmental methods using the com- 
mercially available software WinNonlin™ Pro, ver. 3.2 
(l'harsighl Corporation. US). A plasma concentration value 
below limit of quantitation (1 OQ) followed by values above 
LOQ was set at 'LOQ/2' for the NCA analysis and for the 
descriptive statistics on concentrations. Values below LOQ 
not followed by values above the LOQ are excluded from the 
NCA analysis, and set to zero in the descriptive statistics on 

Results of Pharmacokinetic .Analysis 

After i.v. administration the mean volume of distributional 
steady state (Vss) was 29.7 dm 3 . The mean clearance was 
calculated to be 8.5 dm"' brand the mean elimination half-life 
was detenu i ned to be 2.8 hours. Alter oral administration of 
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desmopressin maximum plasma concentrations were 
observ ed at 0.5-2.0 hours after dosing. The maximum plasma 
concentration was 14.25, 30.21 and 65.25 pg/ml after an oral 
dose of 200, 400 and 800 ug, respectively. After reaching the 

5 maximum value desmopressin was eliminated with a mean 
elimination half-life in the range of 2.8-3.0 hours. The bio- 
availability was determined to be 0.30% with at 95% confi- 
dence interval of 0.23-0.38%. 

The pharmacokinetics of desmopressin is linear, when 

to administered as the orodispersible dosage form of Example 4, 
5 or 6. 

Comparative Example 4 

1 5 Bioavailability of Desmopressin Administered in 

Accordance with Comparative Examples 2 and 3 

Thirty-six healthy male volunteers ( ( 'aucasian. Black and 
Hispanic) were enrolled in this study, which was designed as 

20 an open label, single dose, 3-way crossover study. Each sub- 
ject was, in a randomized order, administered 200 ug desmo- 
pressin as a single 200 ug tablet (Comparative Example 2). 
200 ug desmopressin as two 100 ug tablets (Comparative 
Example 3) and 2 ug as an i.v. bolus dose (Comparative 

25 Example 1 ). 

After i.\ . administration the mean elimination half-life w as 
determined to be 2.24 hours. After oral administration of 

observed at 1 .06 hours (2x 1 00 ug) or 1 .05 hours ( 1 x200 ug) 
30 after dosing. The maximum plasma concentration was 13.2 
and 15.0 pg ml after an oral dose of 2x 100 tig and 1x200 ug. 
respecliv el v. The bioavailability was determined to be 0. 13% 
(2x100 ug) or 0.16% (1x200 ug). 
Example 8 

Crossover Study Investigating the Antidiuretic Effect 
of Three Low Doses of Desmopressin 

The following Example describes a study showing the 

40 antidiuretic effect of three low doses of desmopressin admin- 
istered \ ia intravenous infusion for 2 hours in over-hydraled. 
healthy, non-smoking male and female volunteers. Briefly, an 
open-label, crossover study with 8 healthy, over-hydrated, 
non-smoking male and female volunteers, age 18-40. The 

45 subjects were dosed initially with 0.5 ng/kg dose, then with 
the 1 .0 ng/kg dose and finally the 2.0 ng/kg dose. Pharmaco- 
dynamic and pharmacokinetic parameters were evaluated at 
each dose level. A washout period of two days (48 hours ) was 
observed between dosing. 

50 Eight subjects evaluated in this study, 5 males, and 3 
females. Their weights in kilograms were: 85.9, 65, 80.9, 
63.3, 72.5, 67.6, 63.5, and 54.5. The mean weight of the 8 
subjects was 69.15 kg, which is very close to the standard 70 
kg weight estimate upon which the doses and blood levels of 

55 desmopressin in this study are based. Subjects were over- 
hydrated on stud\" day 1 (first day of dosing) by drinking a 
\olume of watei equal to i .5" ■<> of body weight and maintained 
by replacing urine output w nil water ingestion. Desmopressin 
of 0.5, 1.0 and 2.0 ng/kg in 100 mL of sterile, physiological 

60 saline (0.9%), USP for injection, was used in the study. Three 
infusions of desmopressin one at each of the above concen- 
trations) was administered as an I.V. infusion at a constant 
rate, each 2 hours in duration on days 1 . 3 and 5 of the study. 
Each subject remained in the clinic from one day prior to first 

65 dosing to one day after last closing for a total of 7 days. The 
first dose was 0.5 ng/kg. follow ing the end of the desmo- 
pressin infusion, subjects voided every 20 minutes and were 
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monitored until 3 consecutive urine collections measured a 
urine output level exceeding 10 mL/min. At this point over- 
hydration was discontinued. Urine osmolality was measured 
20 minutes before the infusion, at baseline, and with every 20 
minute urine collection up to 6 hours after the start of the 5 
infusion. Urine-specific gravity was also measured. Plasma/ 
serum sodium and plasma serum osmolality was measured 
prior to dosing and at 2, 4, and 6 hours after the start of the 
infusion. Blood samples lor pharmacokinetic determinations 
were collected predose, 15, 30, and 45 minutes and 1, 1.5,2, to 
3, 4, 6, 8 and 12 hours after the start of the infusion. This same 
procedure was followed for the 1.0 ng/kg and 2.0 ng/kg 
infusions. On day 6, approximately 24 hours after the third 
and last desmopressin infusion subjects had an exit physical 
examination with vital signs, blood and urine laboratory 15 

Criteria for evaluation in the study included urine output 
over time, urine osmolality over time, urine-specific gravity 
over time, and plasma plasma/serum osmolality and sodium 
over time. Statistical analysis on the above criteria was per- ; ' 
formed. The statistical analysis is descriptive and all statisti- 
cal hypothesis testing was done for exploratory purposes. The 
following was investigated: duration of action, i.e., time from 
'onset' to 'end' action was estimated for each subject using 
three different levels of osmolality as cut off (150 mOsm/kg. 2> 
200 mOsm/kg and 400 mOsm/kg). First, duration of action 
was defined as the time from onset of action (i .e., the first time 
alter dose administration where urine osmolality was less 
than 150 mOsm/kg) to end of action (the first subsequent time 
where urine osmolality was less than 1 50 mOsm/kg and con- 30 
firmed at the next interval unless the first subsequent time was 
the last observation point). The second and third estimation 
used 200 mOsm/kg and 400 mOsm/kg as cut off levels for 
'onset' and 'end' of action, respectively. Subjects with no 
'end' of action, with respect to the definition were censored at 35 
the time their urinary output returns to baseline (exceeds 10 
ml ,'min) and, or the time w here the o\ er-hydration procedure 
stopped. The overall duration of action was estimated lor each 
dose group using the nonparametric Kaplan-Meier method. 
The different approaches for estimating duration of action 4 ' 
were expected to give lower and upper limits of the true 
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probability, i.e., probability of desmopressin activity as a 
function of time. Furthermore, the duration of action was 
presented for each treatment group using the mean, SD, 
median, minimum and maximum values. The dose-response 
relationship between duration of action and dose was inves- 
tigated using an appropriate linear or nonlinear model. Phar- 
macokinetic parameters were derived from the individual 
concentration versus time curves of desmopressin, i.e.. AUC 
(area under the plasma concentration time curve to infinity). 
C„ M (maximum plasma concentration observed). t,„ ;l (time 
of C max after dosing), CL (total systemic clearance), V (vol- 
ume of distribution during the terminal phase), AUC, (area 
under the plasma concentration time curve from time zero to 
time t). /. (first order rate constant associated with the termi- 
nal (log-linear) portion of the plasma concentration time 
curve estimated via linear regression of the time vs. log of 
concentration) and t, , (terminal half life). 
Summary of Results: 

All three doses ( l.Y. infusions) of desmopressin produced 
a measurable, antidiuretic effects in terms of increased urine 
concentration (osmolality) and decreased urine output in a 
dose response fashion. The pharmacodynamic duration of 
antidiuretic effect also demonstrated a dose response curve 
with the lowest dose having the shortest duration of effect. 
The mean peak urine osmolality (mOsm/kg) occurred at the 
end of the 2 hour infusion lor each dose level. Baseline mean 
urine osmolality was 55.8, 55.8 and 55.6 mOsm/kg for 0.5, 
1.0, 2.0 ng/kg doses, respectively. Mean peak urine osmola- 
lity was 206.0, 444.7 and 587.2 mOsm/kg at 2 hours for the 
0.5, 1.0 and 2.0 ng/kg doses, respectively. The mean nadir 
urine output (mL/min) also occurred at the end of the 2 hour 
infusion for each dose level. Baseline mean urine output was 
18.6, 16.6 and 16.9 mL/min for the 0.5, 1.0 and 2.0 ng/kg 
doses, respectively. Mean nadir urine output was 7 . 1 , 1 .3 , and 
0.7 ml ,/mrn for the 0.5, 1 .0 and 2.0 ng/kg doses, respectively. 
The duration of antidiuretic effect was approximately 180 
minutes for the 0.5 ng/kg dose, 240 to 280 minutes for the 1 .0 
ng/kg dose and 360 minutes for the 2.0 ng/kg dose. The urine 
osmolality and output results for each subject and the means 
for each time period are described in Tables 1-6 and FIGS. 
1-9. 



TABLE 1 
■' ' ---■■»- -i ■ 1 1 1 '. ii-j i. -j. 



180 200 220 240 260 280 300 320 340 360 



91 100 104 93 57 



228 338 447 363 243 177 



83 84 87 80 



633 655 670 



521 390 327 274 215 250 
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100 120 140 160 180 200 220 240 260 280 300 320 340 360 



58 59 65 108 281 305 480 * 435 132 150 160 71 60 * * « « « « 

46 44 53 91 168 222 315 414 324 230 171 127 116 104 99 98 82 68 62 

48 51 60 178 406 402 506 595 618 * 588 374 322 221 162 148 111 96 « « 

48 49 52 68 92 135 180 219 156 105 85 71 71 67 ***** * 
68 68 73 106 166 235 260 312 204 142 109 94 88 83 75 * 

82 82 124 585 614 638 708 747 736 733 771 694 * 747 606 655 687 546 458 374 

47 47 53 100 175 * 267 381 * 228 122 96 86 81 69 69 57 53 47 44 

49 52 57 100 173 * 288 * * 251 114 96 90 80 « 73 61 55 51 
55.8 56.5 67.1 167.0 259.4 322.8 375.5 444.7 412.2 261.7 280.9 216.3 121.4 181.6 181.8 242.5 202.0 164.8 155.5 156.3 



' >Hiivl:Hjlv i J.o ;l' ) 



80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 



63 63 88 373 * 526 * * 585 * 571 623 482 * 458 384 346 146 73 76 

40 40 46 149 251 » 492 * 601 533 538 489 385 348 252 244 173 116 87 76 

51 52 73 337 401 » * 568 * 568 * 541 559 477 476 380 267 179 134 
45 48 50 146 298 390 442 461 478 439 357 250 195 139 110 112 97 73 66 60 
78 73 119 293 499 501 421 564 492 492 390 387 352 267 195 178 154 104 98 87 
71 73 108 604 626 698 748 769 771 727 733 676 677 668 640 665 648 585 577 547 
45 45 60 509 • • • 666 • • ' 255 100 79 

52 54 61 208 385 465 525 574 533 508 583 542 * 539 * 473 * 204 91 
55.6 56.0 75.6 301.4 40'. o 516.0 525.6 587.2 576.7 534.7 534.3 494.5 438.7 455.1 355.3 343.2 324.4 220.9 173.0 143.8 



20 18.8 16.7 14 10.9 10 9.1 5 17.6 15 13.6 
17 16.5 16.4 13.8 10.8 9.3 8.8 8.3 11.8 10.5 13.6 



26 22.3 8.9 10.5 16.4 16.5 16.5 15.2 
19.5 20 11.8 9 12.5 10 9.5 10.9 



25 



US 7,405,203 B2 

TABLE 4-continued 



26 



Sub- 
ject Time (Minutes) 

# -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 



01- 16.1 25.8 14 13.3 9.6 9.2 7 8 8.7 10 12.2 17.9 16.7 ..*«««« 
007 

01- 15.5 13.3 12.2 10 9.1 8.1 7.5 6.5 7.1 7.6 8.2 13.3 12.5 10.5 ..«««« 
008 

Mean 18.6 18.4 13.2 10.3 9.6 8.5 7.7 7.1 9.6 9.7 11.1 10.4 10.4 8.7 9.7 9.1 4.1 5.0 6.4 7.3 



Urine Output. I. hi.*: 



100 120 140 



240 



260 280 300 320 340 360 



7.6 



3.2 15.9 12.9 •••••• 

6 5.6 6.3 7.5 7.7 10.5 10.1 14.2 
1.6 2.1 3.9 5.8 5.7 8.8 10.6 13.9 15.5 



8.4 4.2 3.5 2.2 1.6 2.6 3.1 

4 1.4 1.6 0.9 0.7 0.8 0 

7.1 12.5 8.5 4.8 3.7 3.2 5 8.1 10 12.4 11.6 14.1 

5.2 9.9 5.7 3 3 2.6 4.3 5.3 7.9 8.8 11.8 11.8 11.7 * 
1.2 0.8 0.6 0.7 0.6 0.7 0.7 0.7 0.6 0 1.1 0.8 0.6 



0.9 



3.2 6.5 3.7 0 4.3 
1.2 5.7 3.5 0 3.7 
3.0 7.0 3.7 2.0 2.5 



1.3 



5.1 6.9 
7.1 4.3 



7.3 7.7 



y.3 



1.3 1.8 3.2 



6.7 7.3 7.9 6.6 4.7 



8.9 11.6 16 15.7 
11.5 6.7 8 8.6 
8.1 8.0 10.6 10.4 



1 rinc<>inriM .:..M.-. 



14.4 3 2.7 0 2.3 



18.5 18.3 10.8 1.6 



1.8 1.5 0.8 1 



9.2 3.5 1.7 1.4 



6.5 0.8 0.7 0 



3.3 0.9 0.8 0.9 



0.7 0.5 0.7 0.6 0.7 



1.8 2.8 2.6 3.9 6.2 9.5 12.9 



4.6 6.9 8.6 



8.3 8.4 9.4 11.6 



2.6 3.8 

0.7 0.7 



14.3 13.9 
10.3 12.5 



0.4 0.5 0.4 



16.5 10.5 2.3 1.3 0.7 0.7 0.7 



As shown in Tables 1-6 and FIGS. 1-9, low doses of des- were far lower than ! lie current labeled ree.imiiietidiiti.ori> ant! 

mopressin administered as I. V. infusions over 2 hours pro- current clinical practice by a factor of more than one order of 

duced significant antidiuretic effects in over-hydrated. nor- 6J magnitude. The pharmacodynamic duration of action was 

mal subjects in a dose response fashion. These doses and also proportional to the dose with the 1.0 and 2.0 ng/kg doses 

calculated plasma serum concentrations of desmopressin providing durations of 4 to 6 hours. This may be adequate to 
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produce the desired therapeutic effects for existing and poten- 
tial new clinical indications for desmopressin. Safety and 
lolcrability were excellent. 

The results of this study confirm the low-dose hypothesis 
for desmopressin and provide an empirical basis for further 5 
clinical studies in patients to evaluate low doses of desmo- 
pressin for such conditions as primary nocturnal enuresis, 
adult nocturia, incontinence and central diabetes insipidus. 

The therapeutic effectiveness of desmopressin for all these 
clinical indications is based on desmopressin's antidiuretic 
pharmacological effect \\ Inch results in production of smaller 
volumes of more concentrated urine. For patients with central 
diabetes insipidus, the pituitary gland produces little or no 
v asopressin, the natural antidiuretic hormone. This deficiency 
results in large volumes of very dilute urine being produced lf 
which can lead to dehydration and serious metabolic abnor- 
malities unless the patient consumes very large volumes of 
water. Desmopressin replaces the deficient vasopressin and 
restores normal urine concentration and \olume in these 
patients. In patients with primary nocturnal enuresis (bed 2C 
wetting), the antidiuretic effect of desmopressin decreases 
urine volume at night, lowering the amount of urine which the 
urinary bladder must retain and, thereby decreasing or elimi- 
nating occurrences of enuresis. 

In patients with adult nocturia, there is either polycoma 2 ~ 
l production of large amounts of urine) at night, low bladder 
capacity or increased bladder sensitivity to urine volume. 
Under all these circumstances, the bladder's threshold for 
urine retention is exceeded during the night, often several 
times, resulting in neurological signals for voiding. This 
awakens the patient in order to void. Desmopressin's antidi- 
uretic effect decreases urine production at night delaying the 
time vv hen the voiding threshold is exceeded resulting in a 
longer sleep period before voiding and decreasing the number 
of nocturnal voids. 

In patients with incontinence of various types ( stress, urge, 
etc.) often related to urinary bladder abnormalities from sur- 
gery, childbirth, and aging, the bladder is unable to retaineven 
normal volumes of urine. The volume threshold for voiding is 
low and there is a high risk of involuntary voiding (inconti- 
nence). Desmopressin's antidiuretic effect decreases urine 
production allowing for voiding postponement because there 
is a delay in crossing the abnormally low volume threshold 
for voiding in these patients. 

In all the above clinical indications, or medical uses of 
desmopressin, its antidiuretic pharmacological effect result- 
ing in decreased production of more concentrated urine is the 
mechanism of therapeutic effectiv eness. This clinical study 
demonstrates that desmopressin can produce this essential _ ( 
antidiuretic effect at much low er doses and lower blood con- 
centrations than previously thought. Therefore, lower doses 
and concentrations of desmopressin may be used for treating 
patients with all of the above conditions. 

While the invention has been described above with refer- 5 , 
enceto specific embodiments thereof, it is apparent that many 
changes, modifications, and v ariations can be made without 
departing from the inventive concept disclosed herein. 
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Accordingly, it is intended to embrace all such changes, 
modifications, and variations that fall within the spirit and 
broad scope of the appended claims. All patent applications, 
patents, and other publications cited herein are incorporated 
by reference in their entirety. 
What is claimed is: 

1. A method of treating nocturia, primary nocturnal enure- 
sis, or incontinence, or for inducing voiding postponement, 
said method comprising administering to a patient in need 
thereof a pharmaceutical composition comprising a dose of 
desmopressin sullicient to achieve a maximum desmopressin 
plasma/serum concentration no greater than 10 pg/ml and 
maintaining the concentration within the range of about 0.5 
pg/ml and 10 pg/ml for about four to six hours. 

2. The method of claim 1, comprising administering said 
composition by transmucosal. transdermal, or intradermal 
delivery. 

3. The method of claim 1, comprising treating nocturia. 

4. The method of claim 1, comprising administering said 
composition by intravenous delivery. 

5. The method of claim 1, comprising administering said 
composition by subcutaneous delivery. 

6. The method of claim 1. comprising administering said 
composition by transmucosal delivery. 

7. The method of claim 1, comprising administering said 
composition by transdermal delivery. 

8. The method of claim 1, comprising administering said 
composition by intradermal delivery. 

9. The method of claim 1, wherein the desmopressin 
plasma/serum concentration is maintained at a level no 
greater than about 5 pg/ml. 

10. A method for inducing an antidiuretic effect in a patient 
comprising the step of administering to a patient a pharma- 
ceutical composition comprising desmopressin by transmu- 
cosal. transdermal, or intradermal delivery in an amount and 
for a time sufficient to establish a maximum serum/plasma 
desmopressin concentration no greater than 10 pg/ml. 

1 1 . The method of claim 1 0, wherein said patient is suffer- 
ing from incontinence, primary nocturnal enuresis (PNE ). or 
nocturia. 

12. The method of claim 10, wherein said desmopressin 
pharmaceutical composition is administered in an amount 
and for a time sufficient to establish a serum/plasma desmo- 
pressin concentration no greater than about 5 pg/ml. 

13. A method for treating a patient suffering from nocturia 
comprising administering to a patient a pharmaceutical com- 
position comprising desmopressin by transmucosal. transder- 
mal, or intradermal delivery in an amount and for a time 
sullicient to establish a maximum serum plasma desmo- 
pressin concentration greater than 0. i pg ml and less than 10 
pg/ml. 

14. The method of claim 10, wherein the patient is a human 
or other mammalian subject. 

15. The method of claim 13, wherein said concentration is 
maintained greater than 0.1 pg/ml for a time greater than 4 
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ABSTRACT 



The present imenlion is directed to a pharmaceutical compo- 
sition comprising 0.5 ng to 20 ug desmopressin and a phar- 
maceutically acceptable carrier. The present invention is also 
directed to a pharmaceutical compos ii ion comprising desmo- 
pressin and a pharmaceutical!}' acceptable carrier, wherein 
the pharmaceutical composition is effective to establish a 
steady plasma/serum desmopressin concentration in the 
range of from about 0.1 picograms desmopressin per mL 
plasma/serum to about 10.0 picogram desmopressin per mL 
plasma serum. Articles of manufacture and methods of using 
the above invention are also disclosed. 
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DESMOPRESSIN 



This application is a continuation application of U.S. 
patent application Ser. No. 11/744,615, filed May 4, 2007, 
which is a divisional application of U.S. patent application 
Ser. No. 10/706,100, filedNov. 12, 2003, which is a Continu- 
ation-In-Part Application of PCT Application PCT/US03/ 
1 4463. tiled May 6. 2003. each of which is herein incorpo- 
rated hy reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to pharmaceutical compositions 
including desmopressin, and more particularly to pharmaceu- 
tical compositions including low dosages of desmopressin for 
treatment of certain human diseases. 

2. Brief Description of the Related Art 
Desmopressin (l-desamino-8-D-arginine vasopressin. 

dDAVP) is an analogue of vasopressin. Desmopressin has 
decreased vasopressor activity and increased antidiuretic 
activity compared to \ asopressin. This pharmacological pro- 
file enables desmopressin to be clinically used foranlidiuresis 
w ithoul causing significant increases in blood pressure. Des- 
mopressin is commercially available as the acetate salt both in 
lab lei form and as a nasal spray, and is commonly prescribed 
for voiding postponement, incontinence, primary nocturnal 
enuresis (PNE) and nocturia, among other indications, 
including central diabetes insipidus. 

Desmopressin has been administered intravenously, sub- 
cutaneously, intranasally and orally. The intra\ enous route of 
administration is clinically used almost exclusively to treat 
patients with mild hemophilia or Von Willebrand's Disease to 
raise blood levels of Factor VIII prior to surgery. Subcutane- 
ous injection is used infrequently and primarily in patients 
with central diabetes insipidus, a deficiency of vasopressin 
resulting in the renal production of large volumes of 
extremely dilute urine which can cause severe dehydration. 
Intranasal administration ofdesmopressin v ia a nasal spray is 
approv ed for the maintenance treatment of patients w ith cen- 
tral diabetes insipidus ami in children ( ages 6 to 1 6 years ) w ith 
primary nocturnal enuresis. An oral tablet dosage form of 
desmopressin is also approved for the treatment of central 
diabetes insipidus and primary nocturnal enuresis. 

Currently, approved labeling for desmopressin recom- 
mends dosing in the follow ing ranges depending on the clini- 
cal indication and. the route of administration: 



Rome of 

Clinical Indication i n o Rioavailabilityl Dose Range (daily) 

Hemophilia/Von Intravenous (1 00) 0.3 mcg/kg (21 meg for 70 

Willebrand's kg patients) 

Cenlral Diabetes Intravenous (100) 2-4 meg qd or 1-2 meg bid 

Intranasal (3-5) 5-40 meg qd or 5-20 meg bid 

Oral (0.1) 100-600 meg bid 

Primary Nocmrnal Intranasal (3-5! 10-40 meg qhs 

Enuresis (PNE) Oral (0. 1) 200-600 meg qhs 



The maximum plasma/plasma/serum concentrations 
achieved with a typical intranasal dose ofdesmopressin for 
CDI or PNE of 20 micrograms (meg or pg) would be approxi- 
mately 20-30 pg/mL based on 3-5% bioavailability. For the 
desmopressin oral tablet with only 0.1-0.15% bioavailability, 
a standard dose of 200-400 meg would also produce a peak 
plasma/plasma/serum level of 20-30 pg/mL. 

While existing formulations ofdesmopressin have met the 

} needs of patients, there is still a need for improvement. Tab- 
lets are often preferred by patients because of their ease of 
use. discretion and the lack of uncertainty of correct admin- 
istration. However, tablets generally need to be taken with a 
glass of water or other drink, which is a problem as fluid 

5 intake needs to be restricted in connection with desmopressin 
treatment, and the message to the patient is much clearer 
when there is no vv titer intake tit all. In addition, while the 
above doses and plasma plasma serum concentrations are 
effective for treating CDI and PNli. standard dosages of des- 

) mopressin have been shown to cause undesirable side-effects 
including high incidences of hyponatremia. Lower dosages 
are preferable if the same desired effect could be produced. 
However, the current trend in this field is the evaluation of 
higher dosages of desmopressin for treatment purposes. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention is directed to a phar- 

) maceutical composition, comprising 0.5 ng to 20 pg desmo- 
pressin and a pharmaceutical!}' acceptable carrier. 

In another aspect, the present invention is directed to a 
pharmaceutical composition, comprising desmopressin and a 
pharmaceutically acceptable carrier, wherein the pharmaceu- 

' tical composition is effective to establish a steady plasma/ 
plasma/serum desmopressin concentration in the range of 
from about 0.1 picograms desmopressin per mL plasma/ 
plasma/serum to about 1 0.00 picogram desmopressin per mL 
plasma/plasma/ serum. 

In another aspect, the present invention is directed to an 
article of manufacture comprising packaging material and ti 
pharmaceutical composition contained within the packaging 
material, wherein the pharmaceutical composition is thera- 

> peutically effective for treating or preventing hemophilia. 
Yon Willebrand's Disease, incontinence, primary nocturnal 
enuresis (PNli). nocturia, or central diabetes insipidus, and 
wherein the packaging material comprises a label which indi- 
cates thtit the pharmaceutical composition can be used for 
treating or preventing hemophilia. Yon Willebrand's I tisease. 
incontinence, primary nocturnal enuresis (PNli). nocturia, or 
central diabetes insipidus, and wherein the pharmaceutical 
composition comprises 0.5 ng to 20 pg desmopressin and a 
pharmaceutically acceptable carrier In another aspect, the 

' present invention is directed to a method of treating or pre- 
venting a disease or condition which is treatable or prevent- 
able by desmopressin, the method comprising administering 
to a patient a daily dose of a fherapeulicallv effective amount 
of a pharmaceutical composition comprising 0.5 tig to 20 pg 
desmopressin and a pharmaceutical!}' acceptable carrier. 

In another a spect. the present invention is directed to meth- 
ods of inducing antidiuretic effects in a patient, comprising 
the step of administering to ti patienl a daily dose of a thera- 

n peutically effectiv e amount of a pharmaceutical composition 
comprising 0.5 ng to 20 pg d 
tically acceptable carrii 
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These and other aspects will become apparent upon read- 
ing the following detailed description of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

5 

Hie invention will be more fully understood from the fol- 
lowing detailed description taken in conjunction with the 
accompanying figures in which: 

FIG. 1 shows urine osmolality for each subject as a result of 
administration of 0.5 ng/kg of desmopressin; io 

FIG. 2 shows urine osmolality for each subject as a result of 
administration of 1 .0 ng/kg of desmopressin; 

FIG. 3 shows urine osmolality for each subject as a result of 
administration of 2.0 ng/kg of desmopressin; 

FIG. 4 shows urine output for each subject as a result of 15 
administration of 0.5 ng/kg of desmopressin; 

FIG. 5 shows urine output for each subject as a result of 
administration of 1 .0 ng/kg of desmopressin; 

FIG. 6 shows urine output for each subject as a result of 
administration of 2.0 ng/kg of desmopressin; 20 

I K i . 7 show s mean urine osmolality resulting from admin- 
istration of 0.5, 1.0, and 2.0 ng/kg desmopressin; 

FIG. 8 shows urine output resulting from administration of 
0.5, 1.0, and 2.0 ng/kg desmopressin; and 

FIG. 9 shows mean urine osmolality and mean urine output 25 
resulting from administration of 0.5, 1.0, and 2.0 ng/kg des- 
mopressin. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

It has now been discovered that desmopressin can be 
administered as a solid dosage form which is absorbed from 
the mouth and which provides improved bioavailability. It is 
surprising that desmopressin can he absorbed at all in this 
way, since the available evidence showed that desmopressin 35 
administered in the oral cavity (sub-lingually) was not sig- 
nificantly absorbed ( 1 jellestad-l'aulsen A. et al., Clin. Endo- 
crinol 38 177-82 (1993)). It is even more unexpected that 
bioavailability can be improved compared to a conventional 
per oral tablet formulation (i.e. which is swallowed by the 40 
patient). 

It has also been unexpectedly discovered that low doses 
and plasma plasma serum levels of desmopressin are phar- 
macologically active and can achieve desired therapeutic effi- 
cacy. The present inventor has found that doses and plasma/ 45 
plasma/serum concentrations of desmopressin which are 
from 5 to 40% of the current recommended doses and result- 
ing plasma/plasma/ serum levels arc therapeutically effective, 
and in some cases safer for treatment of CDI, PNE, and 
additional clinical indications requiring pharmacological s, 
concentration of the urine. It has been discovered that the 
actual dose response curve of desmopressin is shifted to the 
left relative to current theory and practice and that at each 
plasma/plasma/serum concentration point over the dose 
range predicted an incremental phannacological effect in 55 
terms of urine concentration is observed. 

According to a first aspect of the invention, there is pro- 
vided a pharmaceutical dosage form of desmopressin adapted 
for sublingual absorption. 

The desmopressin may be in the form of the free base or a 60 
pharmaceutically or, where appropriate veterinarily, accept- 
able salt, or in any other pharmaceutically or veterinarily 
acceptable form. The acetate salt is particularly preferred. 

The formulation will typically be solid. It may disperse 
rapidly in the mouth. Such formulations are termed 'orodis- 65 
persible'. The formulation w ill typically comprise a suitable 
carrier for this purpose, which will be pharmaceutically 
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acceptable (or veterinarily acceptable in the case of adminis- 
tration to non-human animals). 

The daily dosage of desmopressin, measured as the free 
base, will generally be from 0.5 or 1 ug to 1 mg per dosage 
form. In one preferred dosage range, the dosage will typically 
range from 2 u.g to 800 u.g per dosage form and preferably 
from 10 ug to 600 ug. Comparatively lower doses (e.g., lower 
dosages relative to the dosages above or provided in the art) 
are also specifically contemplated, for example from 0. 5 ng to 
20,000 ng, preferably 0.05 meg (50 ng) to 10 meg (10,000 
ng), and more preferably 0.1 meg (100 ng) to 2000 ng. When 
one dosage form per day is administered, as is usual for l'Nl ; 
and nocturia, this will typically be the dose per dosage form. 
When the daily dose is administered in two or more dosages, 
as will typically be the case for central diabetes insipidus, the 
amount of the active compound per dosage form will be 
reduced accordingly. The effective daily dosage will depend 
on the condition of the individual patient, and is thus within 
the ordinary skill of the art to determine for any particular 
patient. Other active ingredients, whether or not peptides, 
may also be present. 

Pharmaceutical dosage forms of the present invent ion arc- 
adapted to supply the active ingredient to the oral cavity. The 
active may be absorbed across the sublingual mucosa for 
systemic distribution. 

A variety of formulations are known which are suitable for 
delivering other active ingredients for absorption from the 
oral cavity. Such formulations may be useful in the present 
invention. Among them are intrabuccally disintegrating solid 
formulations orpreparations which comprise the active ingre- 
dient, a sugar comprising lactose and or mannitol and 0. 1 2 to 
1 .2 w w "h. based on the solid components, ofagarand which 
has a density of 400 mg/ml to 1,000 mg/ml and have a suffi- 
cient strength for handling, w hich in practice may mean suf- 
ficient strength to w ithsland remo\ al from a blister packaging 
without disintegrating. Such formulations, and how to make 
them, are disclosed in U.S. Pat. No. 5,466,464, to which 
reference is made for further details. 

In thi s embodiment of the invention, the sugar may be used 
in the formulation in an amount of at least 50 w/w %, prefer- 
ably 80 w/w % or more, more preferably 90 w/w % or more, 
based on the total solid components, although it may vary 
depending on the quality and the quantity of the active ingre- 
dient to be used. 

Though types of agar are not particularly limited, those 
listed ill the Japanese Pharmacopoeia may be used preferably. 
Examples of the listed agar include agar powders PS-7 and 
PS-8 (manufactured by Ina Shokuhin). 

Agar may be used in an amount from 0.12 to 1 .2 w/w %, 
preferably from 0.2 to 0.4 w/w %, based on the solid compo- 
nents. 

In order to produce a formulation in accordance with this 
embodiment of the present invention, a sugar comprising 
lactose and or mannitol is suspended in an aqueous agar 
solution, filled w ith a mould, solidified into a jelly-like form 
and then dried. The aqueous agar solution may have a con- 
centration of from 0.3 to 2.0%, preferably from 0.3 to 0.8%. 
I he aqueous agai solution may be used in such an amount that 
the blending ratio of agar based on the solid components 
becomes 0. 1 2 to 1 .2 w/w %, but preferably 40 to 60 w/w % of 
agar solution based on the solid components. 

Other formulations known for delivering active ingredients 
for absorption from the oral cavitv are the dosage forms 
disclosed in U.S. Pat. Nos. 6,024,981 and 6,221, 392. They are 
hard, compressed, rapidly dissolvable dosage forms adapted 
for direct oral dosing comprising: an active ingredient and a 
matrix including a non-direct compression filter and a lubri- 
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cant, said dosage form being adapted to rapidly dissolve in the 
mouth of a patient ;md thereby liberate said active ingredient, 
and having a friability of about 2% or less when tested accord- 
ing to the U.S. P., said dosage form optionally ha\ ing a hard- 
ness of at least about 1 5 Newtons (N), preferably from 1 5-50 5 
N. U.S. Pat. Nos. 6,024,981 and 6,221,392 disclose further 
details and characteristics of these dosage forms and how to 
make them. 

Preferably, dosage forms in accordance w ith this embodi- 
ment of the invention dissolve in about 90 seconds or less to 
(preferably 60 seconds or less and most preferably 45 seconds 
or less J in the patient's mouth. It is also often desirable that the 
dosage form include at least one particle. The particle would 
be the active ingredient and a protective material. These par- 
ticles can include rapid release particles and or sustained is 
release particles. 

In a particularly preferred formulation in accordance with 
this embodiment of the present invention there is provided a 
hard, compressed, rapidly dissolving tablet adapted for direct 
oral dosing. The tablet includes particles made of an active 20 
ingredient and a protective material. These particles are pro- 
vided in an amount of between about 0.01 and about 75% by 
weight based on the weight of the tablet. The tablet also 
includes a matrix made from a non-direct compression filler, 
a wicking agent, and a hydrophobic lubricant. The tablet 25 
matrix comprises at least about 60% rapidly water soluble 
ingredients based on the total weight of the matrix material. 
The tablet has a hardness of between about 15 and about 50 
Newtons, a friability of less than 2% when measured by 
U.S. P. and is adapted to dissolve spontaneously in the mouth 30 
of a patient in less than about 60 seconds and thereby liberate 
said particles and be capable of being stored in bulk. 

A very find grained or powdered sugar known as a non- 
direct compression sugar may be used as a filler in the matrix 
of this embodiment the present invention, 'fhis material, in 35 
part because of its chemical composition and in part because 
of its fine particle size, will dissolve readily in the mouth in a 
matter of seconds once it is wetted by saliva. Not only does 
this mean that it can contribute to the speed at which the 
dosage form will dissolve, it also means that while the patient 40 
is holding the dissolving dosage form in his or her mouth, the 
filler will not contribute a "gritty" or "sandy" texture thus 
adversely affecting the organoleptic sensation of taking the 
dosage form. In contrast, direct compression versions of the 
same sugar are usually granulated and treated to make them 45 
larger and better for compaction. While these sugars are water 
soluble, they may not be solubilised quickly enough. As a 
result, they can contribute to the gritty or sandy texture of the 
dosage form as it dissolves. I )issolution time in the mouth can 
be measured by observing the dissolution time of the tablet in ra 
water at about 37" C. The tablet is immersed in the water 
without forcible agitation or with minimal agitation. The 
dissolution time is the time from immersion to substantially 
complete dissolution of the rapidly w ater soluble ingredients 
of the tablet as determined by visual observation. 55 

Particularly preferred fillers, in accordance with the 
present invention are non-direct compression sugars and 
sugar alcohols which meet the specifications discussed 
above. Such sugars and sugar alcohols include, without limi- 
tation, dextrose, mannitol, sorbitol, lactose and sucrose. Of 60 
course, dextrose, for example, can exist as either a direct 
compression sugar, i.e., a sugar which has been modified to 
increase its compressibility, or a non-direct compression 

Generally, the balance of the formulation can be matrix. 65 
Thus the percentage of filler can approach 100%. However, 
generally, the amount ofnon-direct compression filler useful 
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in accordance with the present invention ranges from about 
25 to about 95%, preferably between about 50 and about 95% 
and more preferably from about 60 to about 95%. 

The amount of lubricant used can generally range from 
between about 1 to about 2.5% by weight, and more prefer- 
ably between about 1 .5 to about 2% by weight. Hydrophobic 
lubricants useful in accordance with the present invention 
include alkaline stearates. stearic acid mineral and vegetable 
oils, glyceryl behenate and sodium stearyl fumarate. Hydro- 
philic lubricants can also be used. 

Protective materials useful in accordance with this embodi- 
ment of the present invention may include any of the poly- 
mers conventionally utilized in the formation of micropar- 
ticles, matrix -type microparticles and microcapsules. Among 
these are eellulosie materials such as naturally occurring cel- 
lulose and synthetic cellulose derivatives; acrylic polymers 
and vinyl polymers. Other simple polymers include proteina- 
ceous materials such as gelatin, polypeptides and natural and 
synthetic shellacs and waxes. Protective polymers may also 
include ethylcellulose. methylcellulose. carboxymethyl cel- 
lulose and acrylic resin material sold under the registered 
trade mark EUDRAGIT by Rhone Pharma GmbH of Weiter- 
stadt, Germany. 

In addition to the ingredients previously discussed, the 
matrix may also include wicking agents, non-effervescent 
disintegrants and effervescent disintegrants. Wicking agents 
are compositions which are capable of drawing water up into 
the dosage form. They help transport moisture into the inte- 
rior of the dosage form. In that way the dosage form can 
dissolve from the inside, as well as from the outside. 

Any chemical w hieh can function to transport moisture as 
discussed above can be considered a w ieking agent. Wicking 
agents include a number of traditional non-effervescent dis- 
integration agents. These include, for example, microcrystal- 
line cellulose (AVICEL PH 200, AVICEL PH 101), Ac-Di- 
Sol (Croscarmelose Sodium) and PVP-XL (a crosslinked 
polyvinylpyrrolidone): starches and modified starches, poly- 
mers, and gum such as Arabic and xanthan. Hydroxy a I kvl 
cellulose such as hydroxymethylcellulose, hydroxypropyl- 
cellulose and hydroxyopropylmethylcellulose, as well as 
compounds such as carbopol may be used as well. 

The conventional range of non-effervescent disintegrant 
agents used in conventional tablets can be as high as 20%. 
However, generally, the amount of disintegration agent used 
ranged from between about 2 and about 5%, according to the 
Handbook of Pharmaceutical Excipients. 

In accordance with this embodiment of the present inven- 
tion, the amount of wicking agents used may range from 
between 2 to about 1 2% and preferably from between 2 to 
about 5%. 

It is also possible, of course, to include non-effervescent 
disintegrants which may not act tow ick moisture, if desirable. 
In either event, it is preferable to use either rapidly water 
soluble, non-effervescent disintegrants or wicking agents 
and/or to minimize the use of generally non-water soluble 
wicking agents or non-effervescen1 disintegrants. Non-rap- 
idly dissolvable, non-rapidly water soluble elements if used 
in sufficient quantity, can adversely affect the organoleptic 
properties of the tablets as they dissolve within the mi >uth and 
therefore should be minimized. Of course, wicking agents or 
non-effervescent disintegrants which are rapidly water 
soluble as di scussed herein can be used in greater quantity and 
they will not add to the grittiness of the formulation during 
dissolution. Preferred wicking agents in accordance with the 
present invention include crosslinked PVP, although, the 
amounts of these must be controlled as they are not rapidly 
water soluble. 
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In addition, it may be desirable to use an effervescent 
couple, in combination with the other recited ingredients to 
improve the disintegration profile, the organoleptic properties 
of the material and the like. Preferably, the effervescent 
couple is provided in an amount of between about 0.5 and 5 
about 50%, and more preferably, between about 3 and about 
1 5% by weight, based on the weight of the finished tablet. It 
is particularly preferred that sufficient effervescent material 
be provided such that the evolved gas is less than about 30 cm, 
upon exposure to an aqueous environment. 

The term "effervescent couple" includes compounds 
which evolve gas. The preferred effervescent couple evolve 
gas by means of a chemical reaction which takes place upon 
exposure of the effervescent disintegration couple to water J5 
and/or to saliva in the mouth. This reaction is most often the 
result of the reaction of a soluble acid source and an alkali 
monohydrogencarbonate or other carbonate source. The 
reaction of these two general compounds produces carbon 
dioxide gas upon contact with water or saliva. Such water- 20 
activated materials must be kept in a generally anhydrous 
state and with little or no absorbed moisture or in a stable 
hydrated form, since exposure to water will prematurely dis- 
integrate the tablet. The acid sources may be any which are 
safe for human consumption and may generally include food 2> 
acids, acid and hydrite antacids such as, for example: citric, 
tartaric, malic, fumaric, adipic, and succinics. Carbonate 
sources include dry sold carbonate and bicarbonate salt such 
as, preferably, sodium bicarbonate, sodium carbonate, potas- 3Q 
sium bicarbonate and potassium carbonate, magnesium car- 
bonate and the like. Reactants which evolve oxygen or other 
gasses and which are safe for human consumption are also 
included. 

In the case of the orally dissolvable tablets in accordance 35 
with the present invention, it is preferred that both the amount 
and the type of disintegration agent, either effervescent or 
non-effervescent, and the combination thereof be provided 
sufficient in a controlled amount such that the tablet provides 
a pleasant organoleptic sensation in the mouth of the patient. 4 " 
In some instances, the patient should be able to perceive a 
distinct sensation of fizzing or bubbling as the tablet disinte- 
grates in the mouth. In general, the total amount of wicking 
agents, non-effervescent disintegrants and efferv eseenl dis- 
integrants should range from 0-50%. However, it should be 
emphasized that the form illations of the present invention w ill 
dissolve rapidly and therefore, the need for disintegrating 
agents in minima 1. As illustrated in the examples, appropriate 
hardness, friability and dissolution times can be obtained 
even without effervescent disintegrants or high quantities of 
w icking agents. 

The use of a non-direct compression filler eliminates the 
need for many conventional processing steps such as granu- 
lation and/ or the need to purchase more expensive pre-granu- 55 
lated, compressible fillers. At the same time, the resulting 
dosage form is a balance of performance and stability. It is 
robust enough to be conventionally produced using direct 
compression. It is robust enough to be stored or packaged in 
bulk. Yet, it rapidly dissolves in the mouth while minimizing &(j 
the unpleasant feel of conventional disintegrating tablets to 
the extent possible. 

Formulations in accordance with the embodiment of the 
invention may be made by a method including the steps of: 

oi i forming a mixture including an active ingredient and a 
matrix including a non-direct compression filler and a 
lubricant; 
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(b) compressing the mixture to form a plurality of hard, 
compressed, rapidly disintegrable dosage forms includ- 
ing the active ingredient distributed in the orally dissolv- 
able matrix; and optionally 

(c) storing the dosage forms in bulk prior to packaging. In 
a preferred embodiment, the dosage forms are then 
packaged in a lumen of a package such that there is at 
least one per package. In a preferred particularly pre- 
ferred embodiment, the dosage forms are then packaged 
in a lumen of a package such that there more than one per 
package. Direct compression is the preferred method of 
forming the dosage forms. 

Other formulations known for delivering active ingredients 
for absorption from the oral cav ity are the dosage forms 
disclosed in U.S. Pat. No. 6,200,604, which comprise an 
orally administrable medicament in combination with an 
effervescent agent used as penetration enhancer to influence 
the permeability of the medicament across the buccal, sub- 
lingual, and gingival mucosa. In the content of the present 
invention, the medicament is desmopressin, which is admin- 
istered inmost embodiments across the sublingual mucosa. In 
the formulations of this embodiment of the invention, effer- 
vescent agents can be used alone or in combination w ith other 
penetration enhancers, w hieh leads to an increase in the rate 
and extent of oral absorption of an active drug. 

Formulations or dosage forms in accordance with this 
embodiment of the invention should include an amount of an 
effervescent agent effective to aid in penetration of the drug 
across the oral mucosa. Preferably, the effervescent is pro- 
vided in an amount of between about 5% and about 95% by 
weight, based on the weight on the finished tablet, and more 
preferably in an amount of between about 30% and about 
80% by weight. It is particularly preferred that sufficient 
effervescent material be provided such that the evolved gas is 
more than about 5 cm 3 but less than about 30 cm 3 , upon 
exposure of the tablet to an aqueous environment. 

The term "effervescent agent" includes compounds w hich 
evolve gas. The preferred effervescent agents evolve gas by 
means of a chemical reaction which takes place upon expo- 
sure of the effervescent agent (an effervescent couple) to 
water and/or to saliva in the mouth. This reaction is most often 
the result of the reaction of a soluble acid source and a source 
of carbon dioxide such as an alkaline carbonate or bicarbon- 
ate. The reaction of these two general compounds produces 
carbon dioxide gas upon contact with water or saliva. Such 
water-activated materials must be kept in a generally anhy- 
drous state and with little or no absorbed moisture or in a 
stable hydrated form, since exposure to water will prema- 
turely disintegrate the tablet. The acid sources may be any 
which are sale for human consumption and may generally 
include food acids, acid and hydrite antacids such as, for 
example: citric, tartaric, amalic, fiimeric, adipic, and suc- 
cinics. Carbonate sources include dry solid carbonate and 
bicarbonate salt such as, preferably, sodium bicarbonate, 
sodium carbonate, potassium bicarbonate and potassium car- 
bonate, magnesium carbonate and the like. Reactants winch 
evolve oxygen or other gasses and w hich are safe for human 
consumption are also included. 

The effervescent agent(s) useful in this embodiment of the 
present invention is not always based upon a reaction which 
forms carbon dioxide. Reactants which evolve oxygen or 
other gasses which are safe for human consumption are also 
considered w ithin the scope. Where the effervescent agent 
includes tw o mutually reactive components, such as an acid 
source and a carbonate source, it is preferred that both com- 
ponents react completely. Therefore, an equivalent ratio of 
components which provides for equal equivalents is pre- 
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ferred. For example, if the acid used is diprotic, then either 
twice the amount of a mono-reactive carbonate base, or an 
equal amount of a di-reactive base should be used for com- 
plete neutralization to be realized. However, in other embodi- 
ments of the present invention, the amount of either acid or 5 
carbonate source may exceed the amount of the other com- 
ponent. This may be useful to enhance taste and/or perfor- 
mance of a tablet containing an overage of either component. 
In this case, it is acceptable that the additional amount of 
either component may remain unreacted. to 

Such dosage forms may also include the amounts addi- 
tional to that required for effervescence a pH adjusting sub- 
stance. For drugs that are weakly acidic or weakly basic, the 
pH of the aqueous environment can influence the relative 
concentrations of the ionized and unionized forms of the drug 1 5 
present in solution according to the Henderson-Hasselbach 
equation. The pll solutions in which an effervescent couple 
has dissolved is slightly acidic due to the evolution of carbon 
dioxide. The pH of the local environment, e.g. saliva in imme- 
diate contact with the tablet and any drug that may have 20 
dissolved from it, may be adjusted by incorporating in the 
tablet a pH adjusting substances which permit the relative 
portions of the ionized and unionized forms of the drug to be 
controlled. In this way, the present dosage forms can be 
optimized for each specific drug. If the unionized drug is 25 
known or suspected to be absorbed through the cell mem- 
brane (transcellular absorption) it would be preferable to alter 
the pH of the local environment (within the limits tolerable to 
the subject) to a level that favours the unionized form of the 
drug. Conversely, if the ionized form is more readily dis- 30 
solved the local environment should favour ionization. 

The aqueous solubility of the drug should preferably not be 
compromised by the effervescent and pH adjusting sub- 
stance, such that the dosage forms permit a sufficient concen- 
tration of the drug to be present in the unionized form. The 35 
percentage of the pi I adjusting substance and/or effervescent 
should therefore be adjusted depending on the drug. 

Suitable pi I adjusting substance lor use in the present 
invention include any weak acid or weak base in amounts 
additional to that required for the effervescence or, preferably, 40 
any buffer system that is not harmful to the oral mucosa. 
Suitable pi I adjusting substance for use in the present inven- 
tion include, but are not limited to, any of the acids or bases 
previously mentioned as effervescent compounds, disodium 
hydrogen phosphate, sodium dihydrogen phosphate and the 45 
equivalent potassium salt. 

The dosage form of this embodiment of the invention pref- 
erably includes one or more other ingredients to enhance the 
absorption of the pharmaceutical ingredient across the oral 
mucosa and to improve the disintegration profile and the 50 
organoleptic properties of the dosage form. For example, the 
a rea o f contact between the dosage form and the oral mucosa, 
and the residence time of the dosage fonn in the oral cavity 
can be improved by including a bioadhesive polymer in this 
drug delivery system. See, for example, Mechanistic Studies 55 
on Effervescent-Induced Permeability Enhancement by 
Jonathan 1 ; ichman ( 1 L ) l )7 ). vv hich is incorporated by reference 
herein. Effervescence, due to its mucus stripping properties, 
would also enhance the residence time of the bioadhesive, 
thereby increasing the residence time forthe drug absorption. 60 
Non-limiting examples of bioadhesives used in the present 
invention include, for example, Carbopol 934 P, Na CMC, 
Methocel, Polycarbophil (Noveon AA-1), HPMC, Na algi- 
nate, Na Hyaluronic and other natural or synthetic bioadhe- 
sives. 65 

In addition to the effervescence-producing agents, a dos- 
age form according to this embodiment of the present inven- 
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tion may also include suitable non-effervescent disintegra- 
tion agents. Non-limiting examples of non-effervescent 
disintegration agents include: microcrystalline, cellulose, 
croscarmelose sodium, crospov idone. starches, corn starch, 
potato starch and modified starches thereof, sweeteners, 
clays, such as bentonite. alginates, gums such as agar, guar, 
locust bean, karaya, pectin and tragacanth. Disintegrant s may 
comprise up to S about 20 weight percent and preferably 
between about 2 and about 10% of the total weight of the 
composition. 

In addition to the particles in accordance with this embodi- 
ment of the present invention, the dosage forms may also 
include glidants. lubricants, binders, sweeteners, flavouring 
and colouring components. Any conventional sweetener or 
flavouring component may be used. Combinations of sweet- 
eners, flavouring components, or sweeteners and flavouring 
components may likewise be used. 

Examples of binders which can be used include acacia, 
tragacanth. gelatin, starch, cellulose materials such as methyl 
cellulose and sodium carboxy methyl cellulose, alginic acids 
and sails thereof, magnesium, aluminium silicate, polyethyl- 
ene glycol, guar gum, polysaccharide acids, bentonites, sug- 
ars, invert sugars and the like. Binders may be used in an 
amount of up to 60 weight percent and preferably about 10 to 
about 40 weight percent of the total composition. 

Colouring agents may include titanium dioxide, and dyes 
suitable for food such as those known as F.D. & C. dyes and 
natural coloring agents such as grape skin extract, beet red 
powder, beta-carotene, annatto, carmine, turmeric, paprika, 
etc. The amount of colouring used may range from about 0.1 
percent to about 3.5 weight percent ofthetotal composition. 

f lavours incorporated in the composition may be chosen 
from synthetic flavours oils and flavouring aromatics and/or 
natural oils, extracts from plants, leaves, flowers, fruits and so 
forth and combinations thereof. These may include cinnamon 
oil, oil of wintergreen, peppermint oils, clove oil, bay oil anise 
oil, eucalyptus, thyme oil. cedar leave oil. oil of nutmeg, oil of 
sage, oil of bitter almonds and cassia oil. Also useful as 
flavours are vanilla, citrus oil. including lemon, orange, 
grape, lime and grapefruit, and fruit essences, including 
apple, pear, peach, strawberry, raspberry, cherry, plum, pine- 
apple, apricot and so forth. Flavours vv hich hav e been found to 
be particularly useful include commercially available orange, 
grape, cherry and bubble gum flavours and mixtures thereof. 
The amount of flavouring may depend on a number of factors, 
including the organoleptic effect desired. Flavours may be 
present in an amount ranging from about 0.05 to about 3 
percent by weight based upon the weight of the composition. 
Particularly preferred flavours are the grape and cherry fla- 
vours and the citrus flavours such as orange. 

One aspect of the invention provides a solid, oral tablet 
dosage form suitable for sublingual administration. ! 'xcipienl 
fillers can be used to facilitate (abiding. The filler desirably 
vv ill also assist in the rapid dissolution of the dosage form in 
the mouth. Non-limiting examples of suitable fillers include: 
mannitol, dextrose, lactose, sucrose, and calcium carbonate. 

As described in U.S. Pat. No. 6,200,604, tablets can either 
be manufactured by direct compression, wet granulation or 
an\' oilier tablet manufacturing technique. The dosage form 
may be administered to a human or other mammalian subject 
by placing the dosage form in the subject's mouth and holding 
it in the mouth, beneath the tongue ( for sublingual adminis- 
tration). The dosage form spontaneously begins to disinte- 
grate due to the moisture in the mouth. The disintegration, 
particularly the effervescence, stimulates additional saliva- 
tion which further enhances disintegration. 
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Although the above described formulations are within the 
scope of the present invention, ihemosi preferred orodispers- 
ible solid pharmaceutical dosage forms according to the 
invention o unprisc a pharmaceutical ly active peptide and an 
open matrix network carrying desmopressin, the open matrix 5 
network being comprised of a water-soluble or water-dispers- 
ible carrier material that is inert towards desmopressin. 

Pharma tli I dosa form npri in i p n n itri net 
works are known from GB-A- 1 548022, to which reference is 
made for further details. Pharmaceutical dosage tortus of the i> 
invention can be rapidly disintegrated by water. By "rapidly 
disintegrated" is meant that the shaped articles are disinte- 
grated in water within 10 seconds. Preferably the shaped 
article disintegrates (dissolves or disperses) within 5 seconds 
or less. The disintegration time is measured by a procedure is 
analogous to the Disintegration Test for Tablets, B.P. 1973. 
The procedure is described in GB-A-1 548022 and outlined 

Apparatus 

A glass or suitable plastic tube 80 to 100 nun long, with an 
internal diameter of about 28 nun and an external diameter of 
30 to 3 1 mm, and fitted at the lower end, so as to form a basket, 
with a disc of rustproof wire gauze complying with the 
requirements for a No. 1 .70 sieve. 2j 

A glass cylinder with a flat base and an internal diameter of 
about 45 mm containing water not less than 1 5 cm deep at a 
temperature between 36° and 38° C. 

lire basket is suspended centrally in the cylinder in such a 
way that it can be raised and lowered repeatedly in a uniform JQ 
manner so that at the highest position the gauze just breaks the 
surface of the water and at the lowest position the upper rim of 
the basket just remains clear of the water. 

Method 

Place one shaped article in the basket and raise and lower it 35 
in such a manner that the complete up and down movement is 
repeated at a rate equivalent to thirty times a minute. The 
shaped articles are disintegrated when no particle remains 
above the gau/e w hich w ould not readily pass through it. No 
such particle should remain after 10 seconds. 40 

By the term "open matrix network" there is meant a net- 
work of water-soluble or water-dispersible carrier material 
having interstices dispersed throughout. Tire open matrix net- 
work of carrier material is of generally low density. For 
example the density may be within the range 1 0 to 200 mg/cc 45 
e.g. 10 to 100 mg/cc, preferably 30 to 60 mg/cc. The density 
of the shaped article may be affected by the amount of active 
ingredient, or any other ingredients, incorporated into the 
article and may be outside the above mentioned preferred 
limits for the density of the matrix network. The open matrix 50 
network which is similar in structure to a solid foam enables 
a liquid to enter the product through the interstices and per- 
meate through the interior. Permeation by aqueous media 
exposes the carrier material of both the interior and exterior of 
the product to the action of the aqueous media whereby the 55 
network of carrier material is rapidly disintegrated. The open 
matrix structure is of a porous nature and enhances disinte- 
gration of the product as compared with ordinary solid shaped 
pharmaceutical dosage forms such as tablets, pills, capsules, 
suppositories and pessaries. Rapid disintegration results in 60 
rapid release of the active ingredient carried by the matrix. 

The carrier material used in the product of the invention 
may be any water-soluble or water-dispersible material that is 
pharmacologically acceptable or inert to the chemical and 
which is capable of forming a rapidly disintegratable open 65 
matrix network. It is preferred to use water-soluble material 
as the carrier since this results in the most rapid disintegration 
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of the matrix when the product is place in an aqueous 
medium. A particularly advantageous carrier may be formed 
from polypeptides such as gelatin, particularly gelatin w inch 
is particularly hydrolysed, e.g. by heating in water. For 
example, the gelatin may be partially hydrolysed by hea t ing a 
solution of the gelatin in water, e.g. in an autoclave at about 
120° C. for up to 2 hours, e.g. from about 5 minutes to about 
1 hour, preferable from about 30 minutes to about 1 hour. The 
hydrolysed gelatin is preferably used at concentratiotrs of 
about 1 to 6% weight/vof, most preferably at 2 to 4% e.g. 
about 3%. 

Although mammalian derived gelatin may be used, it has 
an unpleasant taste and thus necessitates the use of sweeten- 
ers and flavours to mask the taste of the gelatin in addition to 
any sweeteners and flavours which may be required to mask 
the taste of the active ingredient. Moreover, the heating step 
necessary with the use of mammalian gelatin increases pro- 
cessing times and incurs heating costs thereby increasing the 
overall costs of the process. Therefore, the use of fish gelatin, 
especially non-gelling fish gelatin, is preferred, especially for 
desmopressin. Reference is made to WO-A-0061 1 17 for fur- 
ther details. 

Other carrier materials may be used in place of partially 
hydrolysed gelatin or fish gelatin, for example polysaccha- 
rides such as hydrolysed dextran, dextrin and alginates (e.g. 
sodium alginate) or mixtures of above mentioned carriers 
with each other or with other carrier materials such as poly- 
vinyl alcohol, polyvinylpyrrolidine or acacia. Modified 
starch may also be used in place of gelatin, as described in 
WO-A-004435 1 , to which reference is made for further 
details. Additional carriers include water, lactose, starch, 
magnesium stearatc. tale, plant oils. gums, alcohol. Vaseline 
(petroleum jelly), or the like. 

Pharmaceutical dosage forms of the invention may be in 
the form of shaped articles. They may incorporate ingredients 
in addition to the active ingredient(s). For example the phar- 
maceutical dosage form of the present invention may incor- 
porate pharmaceutically acceptable adjuvants. Such adju- 
vants include, for example, colouring agents, flavouring 
agents, preservations (e.g. bacteriostatic agents), and the like. 
U.S. Pat. No. 5,188,825 teaches that water soluble active 
agents should be bonded to an ion exchange resin to form a 
substantially water insoluble active agent/resin complex: 
although that teaching may be practiced here (for which ref- 
erence to U.S. Pat. No. 5, 1 88,825 is made for further details), 
it has been found in the development of the present invention 
that water soluble peptides such as desmopressin may be 
formulated in solid dosage tonus ofthe invention without the 
need for bonding to an ion exchange resin. Such dosage forms 
may therefore be free of an ion exchange resin. For hydro- 
phobic peptides, which desmopressin is not. a surfactant may 
be present, as taught in U.S. Pat. No. 5,827,541, to which 
reference is made for further details. For peptides with an 
unpleasant taste (vv hich desmopressin does not have), a lipid 
such as a lecithin may be present to improve patient accept- 
ability, as taught in U.S. Pat. No. 6. 1 56.339. to which refer- 
ence is made for further details. Other strategies for taste 
masking include conversion of a soluble salt to a less soluble 
salt or to the free base, as taught by U.S. Pat. Nos. 5,738,875 
and 5.8.37.287. and the use of a process disclosed in U.S. Pat. 
No. 5,976,577 wherein, prior to freeze drying, a suspension of 
uncoated or coated coarse particles ofthe pharmaceutically 
active substance! s) in a earner material is cooled to reduce the 
v iscosity and minimize release ol the active substance during 
processing, as well as beyond the point of disintegration ofthe 
form in the mouth, to minimize bad taste from the peptide: 
reference is made to the cited patents lor further details. 



US 7,579,321 B2 



13 



14 



For insoluble or poorly soluble peptides having a large 
particle si/c. xanlhan gum may be present, particularly w hen 
the carrier is formed from gelatin, as the xanthan gum may act 
as a gelatin flocculating agent, as disclosed in U.S. Pat. No. 
5.63 1 ,023. to which reference is made for further details. 5 

As taught by WO-A- 932301 7 one or more amino acids 
having from about 2 to 12 carbon atoms may be present, when 
the matrix is selected from the group consisting of gelatin, 
pectin, soy fibre protein and mixtures thereof. In this formu- 
lation the preferred amino acid is glycine, while the preferred lu 
matrix forming agent is gelatin and or pectin: in a particularly 
preferred embodiment, the dosage form additionally com- 
prises mannilol. All excipienls will be chosen to be pharma- 
ceutically acceptable. 

Pharmaceutical dosage forms of the present invention may 1 5 
be prepared by a process as described in GB-A- 1548022, 
which comprises subliming sc. Kent from a composition com- 
prising the pharmaceutical substance and a solution of the 
carrier material in a solvent, the composition being in the 
solid state in a mould. 20 

The sublimation is preferably carried out by freeze drying 
a composition comprising the active ingredient and a solution 
of the carrier material in a solvent. The composition may 
include additional ingredients, such as those mentioned 
above. The solvent is preferably water but it may contain a 25 
co-solvent (such as an alcohol e.g. tert-butyl alcohol) to 
improve the solubility of the chemical. The composition may 
also contain a surfactant e.g. Tween 80 (polyoxyethylene (20) 
sorbitan mono-oleate i. The surfactant may help to prevent the 
freeze dried product sticking to the surface of the mould. It 30 
may also aid in the dispersion of the aeti\e ingredient. 

The composition may contain a pi I adjusting agent to 
adjust the pH of a solution from which the dosage form is 
prepared within the range of from 3 to 6, preferably from 3.5 
to 5.5, and most preferably from4 to 5, forexample4.5 or4.8. 35 
Citric acid is a preferred pH adjusting agent, but others 
including hydrochloric acid, malic acid can be used. Such 
non-volatile pi I adjusting agents will not be removed by the 
freeze drying or other sublimation process and so may be 
present in the final product. 40 

The mould may comprise a st 
shape depressions in it, each of ; 

desired si/e of the shaped article. Alternatively, the si/eol'lhe 
depression in the mould may be larger than the desired size of 
the article and after the contents have been freeze dried the 45 
product can be cut into the desired size (for example thin 
wafers). 

However, as described in GB-A-21 11423, the mould is 
preferably a depression in a sheet of filmic material. The 
filmic material may contain more than one depression. The so 
filmic material may be similar to that employed in conven- 
tional blister packs which arc used for packaging oral contra- 
ceptive tablets and like medicament forms, for example the 
filmic material may be made of thermoplastic material with 
the depressions formed by thermoforming. The preferred 55 
filmic material is a polyvinyl chloride film. Laminates of 
filmic material may also be used. 

In one embodiment the mould comprises a metal plate (e.g. 
an aluminium plate! containing one or more depressions. In a 
preferred process using such a mould, the mould is cooled 60 
with a cooling medium (e.g. liquid nitrogen or solid carbon 
dioxide). When the mould is cooled a predetermined amount 
of water containing the carrier material, the active ingredient 
and any other desired ingredient is fed into the depression(s). 
When the contents of the depression^ I are frozen the mould 65 
is subjected to reduced pressure and, if desired, controlled 
application of heat to aid the sublimation. The pressure can be 



•s of cylindrical or other 
esponding tc 



below about 4 mm. Hg; GB-A- 1548022 teaches the employ- 
ment of pressures of below 0.3 mm Hg, for example 0. 1 to 0.2 
mm is preferred. The freeze dried produces may be removed 
from the depressions in the mould and stored for future use, 
e.g. in airtight jars or other suitable storage containers. Alter- 
nate eh . the freeze dried product may be enclosed by filmic 
material as described in GB-A-21 1 1423. 

A later developed process useful for making pharmaceuti- 
cal dosage forms in accordance with the invention is 
described in GB-A-21 1 1423, to which reference is made for 
further details. The process comprises filling a composition 
comprising a predetermined amount of active ingredient and 
a solution of partially hydrolysed gelatin into a mould, freez- 
ing the composition in the mould by passing gaseous cooling 
medium over the mould and then subliming solvent from the 
frozen composition so as to produce a network of-partially 
hydrolysed gelatin carrying the active ingredient. 

In order to help ensure an e\en thickness of product, the 
side wall or walls of the mould may diverging outwards from 
the base and making an angle with the vertical of at least 5° at 
the surface of the composition, as described in GB-A- 
21 19246 to which reference is made for further details. 

Alternatively or in addition, pharmaceutical dosage forms 
of the present invention may be prepared by a process as 
described in GB-A-21 14440 which comprises freezing a 
composition comprising a solution in a first solvent of a 
water-soluble or water dispersible carrier material that is inert 
tow ards the active ingredient, subliming the first solvent from 
the frozen composition so as to produce a product having a 
network of carrier material, adding to said product a solution 
or suspension of a second non-aqueous solvent containing a 
predetermined amount of the acti\e ingredient and allowing 
or causing the second solvent to evaporate. Reference is made 
to GB-A-21 14440 for further details. 

Alternatively or in addition, pharmaceutical dosage forms 
of the present invention may be prepared by a process as 
described in GB-A-21 11 184, which comprises introducing 
the liquid medium in the form of droplets beneath the surface 
ol a cooling liquid w hieh is maintained at a temperature lower 
than the freezing point of the liquid medium, the cooling 
liquid being immiscible with, and inert with respect to, the 
liquid medium and having a density greater than that of both 
the liquid medium and the resulting frozen particles such as 
the liquid droplets float upw ards in the cooling liquid towards 
the surface thereof, they are fro/en to form spherical particles. 
The fro/en spherical particles can be collected at or near the 
upper surface of the cooling liquid. Reference is made to 
GB-A-21 1 1 184 for further details. 

Dosage forms in accordance with the invention have 
improved bioavailability. They are intended to be taken orally, 
and are highly suitable for that purpose. They disperse rapidly 
in the mouth, and may forexample be placed under the tongue 
(sub-lingually). 

According to a second aspect of the invention, there is 
provided a dosage form as described above for use in medi- 
cine, particularly, for voiding postponement, incontinence, 
primary nocturnal enuresis (TNf ). nocturia and central dia- 
betes insipidus. 

The invention provides a method of postponing voiding, 
treating or presenting incontinence, primary nocturnal enure- 
sis (PNE). nocturia and/or centra! diabetes insipidus, the 
method comprising administering an effective and generally 
non-toxic amount of desmopressin to a subject across the 
sublingual mucosa, forexample in a dosage form as described 
above. Any otiier disease or condition treatable or preventable 
by desmopressin may similarly be addressed by means of 
The invention therefore extends to the use of des- 



US 7,579,321 B2 



15 

mopressin in the manufacture of a sublingually absorbable 
pharmaceutical formulation, ['he invention also extends to a 
pack comprising a sublingually absorbable pharmaceutical 
dosage form of desmopressin together with instructions to 
place the dosage form under a patient' s tongue. 5 

Encompassed within the invention is also a method for 
preparing a packaged dosage form of desmopressin, the 
method comprising bringing into association a sublingually 
absorbable pharmaceul ical dosage form of desmopressin and 
instructions to place the dosage form under a patient's tongue, 1" 
The instructions may lor example be printed on packaging 
encompassing the dosage form when sold or dispensed, or 
may be on a product information leaflet or insert within the 
packaging. 

Other peptides apart from desmopressin are lormulatable 1 ^ 
in the formulations described above. The invention therefore 
extends to a pharmaceutical dosage form of a pharmaceuti- 
cally active peptide adapted for oral absorption. 

According to a further aspect of the invention, there is 
provided a solid pharmaceutical dosage form, forexamplefor 

1- ral administration, the dosage form comprising a pharma- 
ceutically acth e peptide and an open matrix network carrying 
the peptide, the open matrix network being comprised of a 
water-soluble or water-dispersible carrier material that is 
inert towards the peptide. 

Although oral vaccines made from fast dissoh ing dosage 
forms ;ire known from WO- A-992 1 579, there is no disclosure 
of pharmaceutically active peptides retaining their activity 
after administration. The experimental work in WO-A- 3Q 
9921 579 merely shows the presence in saliva of IgA antibod- 
ies to tetanus toxoid following the administration of tetanus 
toxoid by means of an adjuvanted fast dissolving dosage 
vaccine formulation, formulations of the present invention 
are not vaccines and do not include adjuvants. 35 

Pharmaceutical dosage forms of this aspect of the inven- 
tion contain a pharmaceutically active peptide. Such peptides 
may be directly active per se or they may have one or more 
active metabolites, i.e. they may be prodrugs for the primary 
or true active principle. The peptides may have for example 40 
from 2 to 20, preferably from 5 to 15, amino acid residues (at 
least some of w hich may be D-isomer. although 1 -isomers 
w ill generally be predominant). The peptides may be linear, 
branched or cyclic, and may include natural residues or sub- 
stituents or residues or substituents not found in natural pep- 4S 
tides or proteins either commonly or al all. Pharmaceutically 
acceptable salts, simple adducts and tautomers are included 
where appropriate. 

Examples of peptides usefully formulated by means of the 
invention include somatostatin and its analogues including 50 
Cyclo(MeAla-Tyr- Z3 -Trp-Lys-Val-Phe) and Cyclo(Asn-Phe- 
Phe-^-Trp-^-Lys-Thr-Phe-GABA), enkephalins including 
Met 5 -enkephalin and Leu" 1 -enkephalin, oxytocin analogues 
such as atosiban (l-deamino-2- i;i -Tyr-(OEt)-4-Thr-8-Om- 
oxytocin), GnRH analogues such as triptorelin (6-,, -ftp- 55 
GnRH), leuprolide ([^-Leu 6 , Pro 8 -NHEt] -GnRH), degarelix 
(Ac- Z3 -2Nal- Z3 -4Cpa- D -3Pal-Ser-4Aph(L-Hydroorotyl)- ZJ - 
4Aph(Cbm)-Leu-llys-Pro- i3 -Ala-NH 2 . where 2Nal is 

2- naphthylalanine, 4Cpa is 4-chlorophenylalanine. 3Pal is 

3- pyridylalanine, ILys is N(8)-isopropyllysine, 4Aph is 60 

4- aminophenylalanine and Cbm is the carbamoyl group) and 
other GnRH antagonists disclosed in U.S. Pat. Nos. 5,925, 
730 and 4,072,668, and vasopressin analogues such as des- 
mopressin. It is particularly preferred to formulate by means 

of the invention agonists of naturally active peptides, such as 65 
those described above, since agonists may be active at lower 
doses than antagonists 
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Dosage will be as determined by the physician or clinician, 
depending on the nature of the peptide, the nature of the 
disease or condition being treated or prevented, and other 
factors. 

The invention extends to the use of a peptide in the manu- 
facture of a dosage form as described above for treating or 
preventing a disease or condition which is treatable or pre- 
ventable by a peptide. 

The invention also provides a method of preventing a dis- 
ease or condition which is treatable or preventable by a pep- 
tide, the method comprising administering an effective and 
generally non-toxic amount of the peptide to a subject in a 
dosage form as described above. 

Low Dosage Analysis and Applications 

As indicated above, doses and plasma plasma serum con- 
centrations of desmopressin which are from 5 to 40% of the 
current recommended doses and resulting plasma/plasma/ 
serum levels are therapeutically effective and in some cases 
safer for certain disease conditions such as (1)1. PNE. and 
additional clinical indications requiring pharmacological 
concentration of the urine. 

Clinical observations in adult males and females treated 
with desmopressin for a condition known as nocturia (which 
results in frequent nighl time urination) suggested that lower 
dosages of desmopressin would be desirable. In this patient 
population, standard intranasal and oral doses of desmo- 
pressin produced an unexpectedly high incidence of 
hyponatremia, a condition in which plasma plasma serum 
sodium falls to abnormally low levels. Hyponatremia can 
result in seizures, cardiac arrhythmias, cerebral edema and 
death. The oral doses of desmopressin were in the 1 00 to 400 
meg range and the intranasal doses were in the 10 to 20 meg 
range. While these doses decreased the incidence of nocturia, 
the hyponatremia suggested thai the doses were unnecessar- 
ily high resulting in an excessive duration of pharmacody- 
namic effect on urine concentration with consequent over- 
hydration and dilutional lowering of plasma/plasma/serum 
sodium. I ower doses of desmopressin would produce 
adequate but not excessive antidiuresis in terms of the mag- 
nitude and duration of action. 

In accordance with the present invention, plasma/plasma/ 
serum desmopressin concentrations following administration 
of the pharmaceutical composition of the invention prefer- 
ably range from about 0.1 pg/mL to about 10.0 pg/ml . and 
more preferably from about 0.5 pg/mL to about 5.0 pg/mL. 
These amounts and ranges of desmopressin may be adminis- 
tered by any method known in the art. including, without 
limitation, intravenous (bolus, infusion); subcutaneous (bo- 
lus, infusion, depot): intranasal; transmucosal (buccal and 
sublingual, e.g., orodispersible tablets, waters, film, and 
effervescent formulations: conjunctival (eyedrops); rectal 
(suppository, enema)); transdermal (passive via patch, gel, 
cream, ointment or iontophoretie): or intradermal (bolus, 
infusion, depot) as outlined below. Additionally, pharmaceu- 
tical compositions that contain desmopressin in an amount 
that provide the above plasma plasma serum desmopressin 
levels may be prepared by the above methods and using the 
above carriers, or any other method known in the art. 

The dose ranges of desmopressin outlined above can pro- 
duce appropriate antidiuretic effect when administered by 
various routes as summarized in the examples below: 
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0.5 ng-2000 ng 
0.5 ng-2000 ng 
0.1 mcg-20 meg 



Administration of low dosages of desmopressin can be an 
effective treatment regimen for clinical indications such as 
treatment of central diabetes insipidus, prevention of primary 
nocturnal enuresis, prevention of nocturia, treatment of clini- 
cal disorders associated with nocturia including but not lim- 
ited In sleep disturbances, prevention of incontinence ( stress, 
urge, and the like), and voiding postponement during w aking 

Specific formulations of desmopressin may also be created 
w hich enhance absorption and increase its systemic bioavail- 
ability. These formulations can result in incremental pharma- 
cological effects at each point along the dose response curve, 
thus amplifying the activity of even low doses of desmo- 



Example 2 

10 400 ug Desmopressin Orodispersible Dosage Form 

The procedure of Example 1 herein is follow ed. except that 
the amount of desmopressin per unit dosage form was 400 ug. 

Example 3 

800 ug Desmopressin Orodispersible Dosage Form 

2Q The procedure of Example 1 herein is followed, except that 
the amount of desmopressin per unit tf isage form was 800 pg. 

Example 4 

2 _ 200 ug Desmopressin Orodispersible Dosage Form 

Following the general procedure given in Example 1 of 
WO-A-006 1 1 1 7, a desmopressin dosage form orodispersible 
dosage form was prepared using the follow ing ingredients per 
30 unit dosage form: 



The present invention is further described in detail by 
means of the follow ing 1 'xamples. All parts and percentages 
are by weight unless explicitly stated otherwise. 

Example 1 

200 pg I )esmopressin ( trodispersible Dosage Form 

Spray-dried fish gelatin (4 g) and mannitol (3 g) are added 
to a glass beaker. Purilied water g) is then added and 
solution effected by stirring using a magnetic follower. The 
pH is checked and adjusted to 4.8 with citric acid as neces- 
sary. A Ciilson pipette can then be used to deliver 500 nig of 
this solution into each one of a series of pre-formed blister 
pockets hav ing a pocket diameterofabout 16 mm. The blister 
laminate may comprise l'YC coated with PYdC. The dosed 
units are then fro/en at a temperature of-1 10" ('. in a freeze 
tunnel with a residence time of 3.2 minutes and the frozen 
units are then held in an upright freezer for a time greater than 
1.5 hours at a temperature of -25° ('. (±5° ('.). The units arc- 
then freeze-dried overnight with an initial shelf temperature 
of 10° C. rising to +20° C. at a pressure of 0.5 mbar. The units 
can be checked for moisture prior to unloading by the drying 
trace and by the pressurized moisture check. 

In this way. following the general procedure given in 
Example 1 of WO-A-0061117, a desmopressin orodispers- 
ible dosage form is prepared using the following ingredients 
per unit dosage form: 



Desmopressin (Polypeptide Laboratories, Sweden) 200 ng 

Mannitol EP/USP (Roquette, Mannitol 35) 6 mg 

35 Fish gelatin USNF/EP 10 mg 

Citric acid i if necessary) pi [ adjusting agent) q.s. to pi I 4.X 

Purified water (Removed during 

processing) 



Example 5 

400 ug Desmopressin Orodispersible Dosage Form 

The procedure of Example 4 herein was followed, except 
that the amount of desmopressin per unit dosage form was 
400 ug. 

Example 6 

800 pg Desmopressin ( Orodispersible Dosage Form 

The procedure of Example 4 herein was followed, except 
that the amount of desmopressin per unit dosage form was 
800 ug. 

Comparative Example 1 

Desmopressin i.v. Solution 

An injectable preparation of desmopressin was conven- 
tionally prepared using the following ingredients: 



Desmopressin (Polypeptide Laboratories, Sweden) 200 ug ■ ■ ■ ■ 
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>Nai oiml < orpcraiion ofsVatisb Phaniiaei« 
Hydrochloric acid (IN) (Merck, Germany) 
Water 1'or injection 



Comparative Example 2 
200 pg Desmopressin ( 'on\ entioiial Tablet 



Using a conventional wet granulation process, tablets a 
tabling the follow ing ingredients were prepared: 



Lactose (Pharmatose 150M, DMV, The Netherlands) 120 mg 

Potato starch (LyckebyAB, Sweden) 77 mg 

PVP (Kollidon 25, BASF, Germany) 1.8 mg 

Vlaaani'sllll]] slcaralc i 1 Vl cr ( t IVWIl. ( Tcrinanv j 1 mg 

Granulation Liquid i water, cllmiiol 1 (Removed during 

proeesstutL 



Comparative Example 3 
100 pg Desmopressin Conventional Tablet 



The procedure of Comparative Example 2 was followed, 
except that the amount of desmopressin was 1 00 ug per tablet. 



Bioavailability Of Desmopressin Administered in 
Accordance with Examples 4 to 6 

Study Design 

Twenty-Four healthy non-smoking male volunteers were 
enrolled in the present study. The study was designed as a 40 
, open-labelled, randomized, balanced, 4-way 
;r phase I study. Each subject was, in a randomized 
order, administered sublingually desmopressin as a 200 pg, 
400 ug and 800 ug orodispersible dosage form ( I Examples 4. 
5 and 6, respectively) and 2 ug as an i.v. bolus dose (Com- 45 
parative Example 1 ). Between the doses there was a washout 
period of 72 hours. In order to standardize the buccal mucosa 
before administration of the orodispersible tablet, the sub- 
jects were asked to avoid foods, chewing gun etc. Subjects 
were allowed to brush their teeth in the morning before dos- 50 
ing, but without toothpaste. 

Blood Samples 

Blood samples for plasma concentration of desmopressin 
were collected according to the following schedule: pre-dose , 
and 15, 30 and 45 min and at 1, 1.5,2,3,4,6,8, 10, 12and24 " 
hours post-dosing. After intravenous administration addi- 
tional blood samples were collected 5 and 10 minutes post- 
dosing. 

The concentration of desmopressin in plasma was deter- 
mined by a validated RIA method. 

Pharmacokinetic Analysis 

The concentration of desmopressin in plasma was ana- < 
lyzed for the individual volunteer in each administration 
group, by use of non-compartmental methods using the com- 



mercially available software WinNonlin™ Pro, ver. 3.2 
(Pharsight Corporation. US). A plasma concentration \alue 
below limit of quantitation (LOQ) followed by values above 
LOQ was set at 'LOQ/2' for the NCA analysis and for the 
descriptive statistics on concentrations. Values below LOQ 
not followed by values above the LOQ are excluded from the 
NCA analysis, and set to zero in the descriptive statistics on 
concentrations. 

} Results of Pharmacokinetic Analysis 

Afteri.v. administration the mean volume of distribution at 
steady state (Vss) was 29.7 Dm 3 . The mean clearance was 
calculated to be 8.5 dnr7hr and the mean elimination half-life 
was determined to be 2.8 hours. After oral administration of 

. desmopressin maximum plasma concentrations were 
obser\ ed at 0.5-2.0 hours after dosing. The maximum plasma 
concentration was 14.25, 30.21 and 65.25 pg/ml after an oral 
dose of 200, 400 and 800 ug, respectively. After reaching the 
maximum value desmopressin was eliminated with a mean 
elimination half-life in the range of 2.8-3.0 hours. The bio- 
availability was determined to be 0.30% with at 95% confi- 
dence interval of 0.23-0.38%. 

The pharmacokinetics of desmopressin is linear, when 
administered as the orodispersible dosage form of 1 ixample 4. 

5 5 or 6. 

Comparative Example 4 

Bioavailability of Desmopressin Administered in 
j Accordance with Comparative Examples 2 and 3 

Thirty-six healthy male volunteers (Caucasian, Black and 
Hispanic) were enrolled in this study, which was designed as 
an open label, single dose, 3-way crossover study. Each sub- 
; ject was, in a randomized order, administered 200 ug desmo- 
pressin as a single 200 pg tablet (Comparative Example 2), 
200 ug desmopressin as two 100 pg tablets (Comparative 
Example 3) and 2 pg as an i.v. bolus dose (Comparative 
Example 1). 

) After i.v. administration the mean elimination half-life was 
determined to be 2.24 hours. After oral administration of 
desmopressin maximum plasma concentrations were 
observed at 1.06 hours (2x100 pg) or 1.05 hours (1x200 pg) 
after dosing. The a 



and 1 5.0 pg/ml after an oral dose of 2x100 pg and 1x200 pg, 
respectively. The bioavailability was detennined to be 0. 13% 
(2x100 pg) or 0.16% (1x200 pg). 



Crossover Study Investigating the Antidiuretic I •fleet 
of Three Low Doses of Desmopressin 

The following Example describes a study showing the 
antidiuretic effect of three low doses of desmopressin admin- 
istered via intravenous infusion for 2 hours in over-hydrated. 
healthy, non-smoking male and female volunteers. Briefly, an 
open-label, crossover study with 8 healthy, over-hydrated. 
non-smoking male and female volunteers, age 18-40. The 
subjects were dosed initially w ith 0.5 ng/kg dose, then with 
the 1.0 ng/kg dose and finally the 2.0 ng/kg dose. Pharmaco- 
dynamic and pharmacokinetic parameters were evaluated at 
each dose level. A washout period of two days (48 hours) was 
observed between dosing. 

Eight subjects evaluated in this study, 5 males, and 3 
females. Their weights in kilograms were: 85.9, 65, 80.9, 
63.3, 72.5, 67.6, 63.5, and 54.5. The mean weight of the 8 
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subjects was 69. 1 5 kg, which is very close to the standard 70 
kg weight estimate upon vv Inch the doses and blood levels of 
desmopressin in this study are based. Subjects were over- 
hydrated on study day 1 (first day of dosing) by drinking a 
volume of water equal to 1.5% of body weight and maintained 5 
by replacing urine output w ith w ater ingestion. Desmopressin 
of 0.5, 1.0 and 2.0 ng/kg in 100 mL of sterile, physiological 
saline (0.9%), USP for injection, was used in the study. Three 
infusions of desmopressin (one at each of the above concen- 
trations) was administered as an I.Y. infusion at a constant lu 
rate, each 2 hours in duration on days 1, 3 and 5 of the study. 
Each subject remained in the clinic from one day prior to first 
dosing to one day after last dosing for a total of 7 days. The 
first dose was 0.5 ng/kg. Following the end of the desmo- 
pressin infusion, subjects voided every 20 minutes and were 15 
monitored until 3 consecutive urine collections measured a 
urine output level exceeding 10 mL/min. At this point over- 
hydration was discontinued. Urine osmolality was measured 
20 minutes before the infusion, at baseline, and with every 20 
minute urine collection up to 6 hours after the start of the 20 
infusion. Urine-specific gravity was also measured. Plasma/ 
serum sodium and plasma scrum osmolality was measured 
prior to dosing and at 2, 4, and 6 hours after the start of the 
infusion. Blood samples for pharmacokinetic determinations 
were collected predose, 15, 30, and 45 minutes and 1, 1.5, 2, 25 
3, 4, 6, 8 and 1 2 hours after the start of the infusion. This same 
procedure was followed for the 1.0 ng/kg and 2.0 ng/kg 
infusions. On day 6, approximately 24 hours after the third 
and last desmopressin infusion subjects had an exit physical 
examination with vital signs, blood and urine laboratory 30 

Criteria for evaluation in the stud) included urine output 
over time, urine osmolality over time, urine-specific gravity 
over time, and plasma/plasma/serum osmolality and sodium 
over time. Statistical analysis on the above criteria was per- 35 
formed. The statistical analysis is descriptive and all statisti- 
cal hypothesis testing was done for exploratory purposes. The 
following was investigated: duration of action, i.e., time from 
'onset' to 'end' action was estimated for each subject using 
three different lex els of osmolality as cut off (150 mOsm/kg, 40 
200 mOsm/kg and 400 mOsm/kg). First, duration of action 
was defined as the time from onset of action (i.e.. the first time 
after dose administration where urine osmolality was less 
than 150 mOsm/kg) to end of action (the first subsequent time 
where urine osmolality was less than 1 50 mOsm/kg and con- 45 
firmed at the next interval unless the first subsequent time was 
the last observation point). The second and third estimation 
used 200 niOsin kg and 400 niOsin kg as cut off levels lor 
'onset" and 'end" of action, respectively. Subjects with no 
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'end' of action, with respect to the definition were censored at 
the time their urinary output returns to baseline (exceeds 10 
mL/min) and/or the time where the over-hydration procedure 
stopped. The overall duration of action was estimated for each 
dose group using the nonparametric Kaplan-Meier method. 
The different approaches for estimating duration of action 
were expected to give lower and upper limits of the true 
probability, i.e., probability of desmopressin activity as a 
function of time. Furthermore, the duration of action was 
presented for each treatment group using the mean. SI), 
median, minimum and maximum values. The dose-response 
relationship between duration of action and dose was inves- 
tigated using an appropriate linear or nonlinear model. Phar- 
macokinetic parameters were derived from the individual 
concentration versus time curves of desmopressin, i.e., AUC 
(area under the plasma concentration time curve to infinity), 
(',„,, (maximum plasma concentration observed), t,,,.,, (time 
of ( ',„ ,, after dosing). CI (total systemic clearance). V (vol- 
ume of distribution during the terminal phase), AUC, (area 
under the plasma concentration time curve from time zero to 
time t ). >. r (first order rate constant associated with the termi- 
nal (log-linear) portion of the plasma concentration time 
curve estimated via linear regression of the time vs. log of 
concentration) and t, 2 (terminal half life). 

Summary of Results: 

All three doses (I.V. infusions) of desmopressin produced 
a measurable, antidiuretic effects in terms of increased urine 
concentration (osmolality) and decreased urine output in a 
dose response fashion. The pharmacodynamic duration of 
antidiuretic effect also demonstrated a dose response curve 
with the lowest dose ha\ ing the shortest duration of effect. 
The mean peak urine osmolality (mOsm/kg) occurred at the 
end of the 2 hour infusion for each dose level. Baseline mean 
urine osmolality was 55.8, 55.8 and 55.6 mOsm/kg for 0.5, 
1 .0, 2.0 ng/kg doses, respectively. Mean peak urine osmola- 
lity was 206.0, 444.7 and 587.2 mOsm/kg at 2 hours for the 
0.5, 1.0 and 2.0 ng/kg doses, respectively. The mean nadir 
urine output (mL/min) also occurred at the end of the 2 hour 
infusion for each dose level. Baseline mean urine output was 
18.6, 16.6 and 16.9 mL/min for the 0.5, 1.0 and 2.0 ng/kg 
doses, respectively. Mean nadir urine output was 7 . 1 , 1 .3 , and 
0.7 mL/min for the 0.5, 1 .0 and 2.0 ng/kg doses, respectively. 
The duration of antidiuretic effect was approximately 180 
minutes for the 0.5 ng/kg dose, 240 to 280 minutes for the 1 .0 
ng/kg dose and 360 minutes for the 2.0 ng kg dose. The urine 
osmolality and output results for each subject and the means 
for each time period are described in Tables 1-6 and FIGS. 
1-9. 



TABLE 1 

Urine Osmolality (0.5 ng/kg) 



Time (Minutes) 

Subject* -20 0 20 40 50 80 100 120 140 160 
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TABLE 1 -continued 

Urine Osmolality (0.5 ng/kg) 



Time (Minutes) 



Subject # 
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TABLE 2 
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Urine Osmolality (2.0 ng kg) 
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TABLE 3 -continued 

Urine Osmolality (2.0 ng/kg) 

01-005 390 387 352 267 195 178 154 104 98 87 

01-006 733 676 677 668 640 665 648 585 577 547 

01-007 « « * 666 * * * 255 100 79 

01-008 583 542 * 539 * 473 * 204 91 

Mean 534.3 494.5 438.7 455.1 3SS.3 343.2 324.4 220.9 173.0 143.8 



Urine Output (0.5 ng/kg) 



.6.5 16.4 13.8 10.8 9.3 



13.2 10.3 9.6 8.5 




15.6 15 
3.8 3.2 



17.9 16.7 

13.3 12.5 10.5 •••••• 

10.4 10.4 8.7 9.7 9.1 4.1 5.0 6.4 7.3 



I rine < 'ill pin 1 1." nsi 
Tiny 1 Minnie 



220 240 260 280 300 320 340 360 



2.6 13.2 15.9 12.9 



5.6 6.3 7.5 7.7 10.5 10.1 14.2 

3.9 5.8 5.7 8.8 10.6 13.9 15.5 



1.2 0.8 0.6 0.7 0.6 0.7 



7.1 4.3 4.2 5.5 



1.8 3.2 5.0 6.7 7.3 7.9 6.6 4.7 8.1 8.0 10.6 10.4 



I r. lie Q ui pill 1 2 . 11 111! kji 



20 40 60 80 100 120 140 



220 240 260 



300 320 340 360 



1.5 



14.4 3 2.7 0 2.3 0 3.3 0.9 0.8 0.9 

1.6 1.8 0 0 2.7 0 0 2.8 0 

5.1 1.8 1.5 0.8 1 1.3 1.5 2 3.1 

0.8 0.7 0.4 0.5 0.4 0.7 0.5 0.7 0.6 
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TABLE 6-continued 





Time (Minutes) 



100 120 140 160 180 



220 240 260 



As shown in Tables 1-6 and FIGS. 1-9, low doses of des- 
mopressin administered as I.Y. infusions oxer 2 hours pro- 
duced significant antidiuretic effects in o\ er-hydraled. nor- 1 
mal subjects in a dose response fashion. These doses and 
calculated plasma/serum concentrations of desmopressin 
were far lower than the current labeled recommendations and 
current clinical practice by a factor of more than one order of 
magnitude. The pharmacodynamic duration of action was 2 
als. i pr< iportional to the dose with the 1.0 and 2.0 ng/kg doses 
providing durations of 4 to 6 hours. This may be adequate to 
produce the desired therapeutic effects for existing and poten- 
tial new clinical indications for desmopressin. Safety and 
lolerabilily were excellent. 2 

The results of this study confirm the low-dose hypothesis 
for desmopressin and provide an empirical basis for further 
clinical studies in patients to evaluate low doses of desmo- 
pressin for such conditions as primary nocturnal enuresis, 
adult nocturia, incontinence and central diabetes insipidus. 

The therapeutic effectiveness of desmopressin for all these 
clinical indications is based on desmopressin's antidiuretic 
pharmacological effect w hich results in production ol'smaller 
volumes of more concentrated urine. For patients with central 3 
diabetes insipidus, the pituitary gland produces little or no 
v asopressin, (he natural antidiuretic hormone. This deficiency 
results in large volumes of very dilute urine being produced 
which can lead to dehydration and serious metabolic abnor- 
malities unless the patient consumes very large volumes of 
water. Desmopressin replaces the deficient vasopressin and 
restores normal urine concentration and volume in these 
patients. In patients with primary nocturnal enuresis (bed 
wetting), the antidiuretic effect of desmopressin decreases 
urine volume at night, lowering the amount of urine which the 4 
urinary bladder must retain and, thereby decreasing or elimi- 
nating occurrences of enuresis. 

In patients with adult nocturia, there is either polycoma 
(production of large amounts of urine) at night, low bladder 
capacity or increased bladder sensitivity to urine volume. 5 
Under all these circumstances, the bladder's threshold for 
urine retention is exceeded during the night, often several 
limes, resulting in neurological signals for voiding. This 
awakens the patient in order to void. Desmopressin's antidi- 
uretic effect decreases urine production a1 night delaying the 5 
lime when the voiding threshold is exceeded resulting in a 
longer sleep period before voiding and decreasing the number 
of nocturnal voids. 

In patients with incontinence of various types (stress, urge, 
etc.) often related to urinary bladder abnormalities from sur- 6 
gery. childbirth, and aging, the bladder is unable to retain even 
normal volumes of urine. The volume threshold for voiding is 
low and there is a high risk of involuntary voiding (inconti- 
nence). Desmopressin's antidiuretic effect decreases urine 
production allow ing for voiding postponement because there 
is a delay in crossing the abnormal!)' low volume threshold 
for voiding in these patients. 



In all the above clinical indications, or medical uses of 
desmopressin, its antidiuretic pharmacological effect result- 
ing in decreased production of more concentrated urine is the 
mechanism of therapeutic effectiveness. This clinical study 
demonstrates that desmopressin can produce this essential 
antidiuretic effect at much lower doses and lower blood con- 
centrations than previously thought. Therefore, lower doses 
and concentrations of desmopressin may be used for treating 
patients with all of the above conditions. 

While the invention has been described above with refer- 
ence to specific embodiments thereof, it is apparent that many 
changes, modifications, and variations can be made without 
departing from the inventive concept disclosed herein. 
Accordingly, it is intended to embrace all such changes, 
modifications, and variations that fall within the spirit and 
broad scope of the appended claims. All patent applications, 
patents, and other publications cited herein are incorporated 
by reference in their entirety. 

What is claimed is: 

1. A method for inducing voiding postponement in a 
patient while reducing the risk that the patient develops 
hyponatremia comprising delivering to the bloo.Kliv.-ain of 
the patient an amount of desmopressin no more than about 2 
ng/kg by intranasal, transdermal, intradermal, transmucosal, 
or conjunctival administration, said amount being therapeu- 
tically effective to produce an antidiuretic effect lasting for no 
more than between about 4 and about 6 hours. 

2. The method of claim 1 comprising delivering to the 
bloodstream of the patient an amount of desmopressin no 
more than about 1 ng/kg. 

3. The method of claim 1 further comprising advising a 
patient that fluid intake should be restricted after administra- 

4. 'fhe method of claim 1 further comprising advising the 
patient that no water should be taken after administration. 

5. fhe method of claim 1 comprising administering des- 
mopressin to a patient suffering from nocturia, primary noc- 
turnal enuresis (PNE), or incontinence. 

6. The method of claim 1 wherein the method produces a 
plasma serum desmopressin concentration in the patient of a 
maximum of no more than about 10 pg/ml. 

7. The method of claim 1 wherein the method produces a 
plasma serum desmopressin concentration in the patient of a 
maximum of no more than about 5 pg/ml. 

8. A method lor inducing voiding postponement compris- 
ing administering to a patient an amount of desmopressin 
sufficient to produce in the patient a urine osmolality ranging 
above about 300 mOsm/kg for less than about 5 hours after 

9. The method of claim 1 or 8 comprising administering the 
desmopressin by intranasal administration. 

10. The method of claim 1 or 8 comprising administering 
the desmopressin by transdermal admini 
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11. The method of claim 1 or 8 comprising administering 
the desmopressin by intradermal administration. 

12. The method of claim 1 or 8 comprising administering 
the desmopressin by transmucosal administration. 

13. The method of claim 1 or 8 comprising administering 
the desmopressin by conjunctival administration. 

14 . The method of claim 1 or 8 comprising administering to 
the patient between 100 and 2000 ng (0.1 tig to 2 tig) desmo- 
pressin. 

15. The method of claim 8 « herein the method produces a 
plasma/serum desmopressin concentration in the patient no 
more than about 10 pg/ml. 

16. The method of claim 8 wherein the method produces a 
plasma/serum desmopressin concentration in the patient no 
more than about 5 pg/ml. 

17. The method of claim 8 comprising delivering to the 
bloodstream of the patient no more than about 2 ng/kg des- 
mopressin. 
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18. The method of claim 8 comprising delivering desmo- 
pressin to the bloodstream of a patient suffering from noc- 
turia, PNE, or incontinence. 

19. A method for inducing voiding postponement in a 
5 patient while reducing the risk that the patient develops 

hyponatremia comprising delivering to the bloodstream of 
the patient via transdermal, intradermal, transmucosal. or 
conjunctival administration no more than about 1 ng/kg des- 
mopressin to produce an antidiuretic effect for no more than 
to about four to about six hours. 

20. A method for inducing voiding postponement in a 
patient while reducing the risk that the patient develops 
hyponatremia comprising delivering to the bloodstream of 
the patient \ ia intranasal administration no more than about 2 

1 5 ng/kg of desmopressin so as to produce an antidiuretic effect. 

21. The method of claim 20 comprising delivering to the 
bloodstream of the patient no more than about 1 ng kg des- 
mopressin. 
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Information for Healthcare Professionals 
Desmopressin Acetate (marketed as DDAVP Nasal Spray, DDAVP Rhinal 
Tube, DDAVP, DDVP, Minirin, and Stimate Nasal Spray) 

FDA ALERT [12/4/2007]: FDA has requested the manufacturers update the prescribing 
information for desmopressin to include important new information about severe 
hyponatremia and seizures. 

Certain patients taking desmopressin are at risk for developing severe hyponatremia that 
can result in seizures and death. Children treated with desmopressin intranasal 
formulations for primary nocturnal enuresis (PNE) are particularly susceptible to severe 
hyponatremia and seizures. As such, desmopressin intranasal formulations are no longer 
j indicated for the treatment of primary nocturnal enuresis and should not be used in 
hyponatremic patients or patients with a history of hyponatremia. PNE treatment with 
desmopressin tablets should be interrupted during acute illnesses that may lead to fluid 
and/or electrolyte imbalance. All desmopressin formulations should be used cautiously in 
patients at risk for water intoxication with hyponatremia. 

This information reflects FDA 's current analysis of data available to FDA concerning this drug. FDA intends to 
update this sheet when additional information or analyses become available. 



To report any unexpected adverse or serious events associated with the use of this drug, please contact the FDA MedWatch 
program and complete a form on line at hUpt/hnvw.fda. g ov/medwatclvre port/hep, htm or report by fax to 1-800-FDA-017S, by 
mail using the postage-paid address form provided on line, or by telephone to 1-800-FDA-1088. 

FDA has requested that the prescribing information for all desmopressin products be updated 
with new information about the risk for hyponatremia and how to safely use desmopressin. 

• The intranasal formulations are no longer indicated for treating primary nocturnal 
enuresis. The new infonnation about the risk for hyponatremia can be found in DDAVP's 
INDICATION AND USAGE, CONTRAINDICATIONS, WARNINGS, 
PRECAUTIONS, DOSAGE and ADMINISTRATION, and HOW SUPPLIED sections of 
the prescribing infonnation and th<; PATIENT INSTRUCTION GUIDE. Labe l fa The 
other desmopressin product's labe .ing will be similarly updated. All other approved 
indications of the individual intranasal formulations still remain. 

» For DDAVP's desmopressin tal lets, rhinal tube, and injections L abel fa the new 

information about the risk for hyponatremia can be found in the CONTRAINDICATIONS, 
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WARNINGS, and DOSAGE and ADMNISTRATION sections of the prescribing 
information. 

Recommendations and Considerations 

• Desmopressin intranasal formulations are no longer indicated for the treatment of 
primary nocturnal enuresis due to serious hyponatremia that may result in seizures 
and death. Doctors should consider other options for managing this condition. 

• Desmopressin tablets: 

o Treatment for primary nocturnal enuresis should be interrupted during 

episodes of fluid and/or electrolyte imbalance, such as fever, recurrent vomiting or 
diarrhea, vigorous exercise, or other conditions associated with increased water 
consumption. 

o Fluid intake should be restricted from 1 hour before to 8 hours after 
administration of desmopressin tablets. 

• All desmopressin formulations should be used cautiously in patients with habitual or 
psychogenic polydipsia or in patients who are taking drugs that may cause them to 
drink more fluids, such as tricyclic antidepressants and selective serotonin re-uptake 
inhibitors (SSRIs). Patients taking desmopressin and consuming excessive fluids are at 
higher risk of developing hyponatremia. 

Information for the patient: Physicians who prescribe desmopressin should discuss with their 
patients: 

Desmopressin works by limiting the amount of water that is eliminated in the urine. A healthy 
body needs to maintain a balance of water and salt ("sodium"). If sodium levels fall too much 
("hyponatremia"), a person may have seizures and, in extreme cases, may die. That is why it is 
important to monitor your or your child's water intake. A person's chance of water and sodium 
imbalance is increased 

• if they are taking certain medicines such as antidepressants, painkillers, and medicines to 
treat seizures that may make the mouth dry 

• during hot weather or following strenuous exercise that may make them thirsty 

• if they are sick and have severe vomiting and diarrhea, fever, the flu, or severe cold 

Therefore, if you or child are prescribed desmopressin, it is important that you 

• tell your doctor about other medicines you or your child are taking 

• tell your doctor if you or your child has a history of hyponatremia 

• supervise the use of desmopressin in your child if it is administered in the nose for the 
remaining indications 

• restrict fluid intake from 1 hour before to 8 hours after taking desmopressin tablets 

• promptly contact your doctor if your or your child's water intake changes 

• promptly contact your doctor if symptoms of hyponatremia occur, such as nausea, 
vomiting, fatigue, muscle cramps or weakness 
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Background Information and Data 

Desmopressin is a synthetic analogue of vasopressin, an antidiuretic hormone that prevents 
excessive water loss in the urine. Desmopressin in combination with excessive fluid 
consumption can result in hyponatremia, an imbalance between intracellular and extracellular 
sodium. This imbalance can lead to seizures, brain swelling, and death. 

FDA has reviewed 61 postmarketing cases of hyponatremic-related seizures associated with the 
use of desmopressin. Fifty-five cases reported sodium levels ranging from 104 to 130 mEq/L 
during the seizure event. In two cases, the patients died. Both patients experienced 
hyponatremia and seizures but the direct contribution of desmopressin to the deaths is unclear. 
Thirty-six cases were associated with intranasal formulations, of which 25 cases occurred in 
pediatric patients (<17 years old). The most commonly reported indication of use in these 25 
pediatric cases was nocturnal enuresis. Thirty-nine of the 61 cases were associated with at least 
one concomitant drug or disease that is also associated with hyponatremia and/or seizures. 

f Back_to_Xo„p Back to Desmopressin 
PDF requires the free Adobe Ac robat R eader 
Date created: December 4, 2007 
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Art Unit: 1654 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 
Applicant's representative, Edmund Pitcher, on March 26, 2008. 

Response to Amendments/Argument 

Applicant's arguments and amendments filed February 1, 2008 arc acknowledged. Any 
rejection and/or objection not specifically addressed is herein withdrawn. The examiner notes 
that the claim amendments were not provided in proper format, however in the interest of 
compact prosecution and for clarity of the record, the allowable claims have been presented 
below in their entirety. 

The declaration of Dr. Berl under 37 CFR 1.132 filed January 4, 2008 has been 
considered, and in view of the amendments to the claims, the affidavit is sufficient to overcome 
the rejections of record under 35 USC 102. 

Examiner's Amendment 

The application has been amended as follows : 

REPLACE claim 19-27, 29-31, 33 and 34 with the following: 

19. A method of treating nocturia, primary nocturnal enuresis, or incontinence, or for 
inducing voiding postponement, said method comprising administering to a patient in need 
thereof a pharmaceutical composition comprising a dose of desmopressin sufficient to achieve a 
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maximum desmopressin plasma/serum concentration no greater than 10 pg/ml and maintaining 
the concentration within the range of about 0.5 pg/ml and 10 pg/ml for about four to six hours. 

20. The method of claim 19, comprising administering said composition by 
transmucosal, transdermal, or intradermal delivery. 

21 . The method of claim 19, comprising treating nocturia. 

22. The method of claim 19, comprising administering said composition by 
intravenous delivery. 

23. The method of claim 1 9, comprising administering said composition by 
subcutaneous delivery. 

24. The method of claim 19, comprising administering said composition by 
transmucosal delivery. 

25. The method of claim 19, comprising administering said composition by 
transdermal delivery. 

26. The method of claim 19, comprising administering said composition by 
intradermal delivery. 

27. The method of claim 19, wherein the desmopressin plasma/serum concentration is 
maintained at a level no greater than about 5 pg/ml. 

28. (cancelled) 

29. A method for inducing an antidiuretic effect in a patient comprising the step of 
administering to a patient a pharmaceutical composition comprising desmopressin by 
transmucosal, transdermal, or intradermal delivery in an amount and for a time sufficient to 
establish a maximum serum/plasma desmopressin concentration no greater than 10 pg/ml. 
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30. The method of claim 29, wherein said patient is suffering from incontinence, 
primary nocturnal enuresis (PNE), or nocturia. 

3 1 . The method of claim 29, wherein said desmopressin pharmaceutical composition 
is administered in an amount and for a time sufficient to establish a serum/plasma desmopressin 
concentration no greater than about 5 pg/ml. 

32. (cancelled) 

33. A method for treating a patient suffering from nocturia comprising administering 
to a patient a pharmaceutical composition comprising desmopressin by transmucosal, 
transdermal, or intradermal delivery in an amount and for a time sufficient to establish a 
maximum serum/plasma desmopressin concentration greater than 0.1 pg/ml and less than 10 
pg/ml. 

34. The method of claim 29, wherein the patient is a human or other mammalian 

subject. 

ADD NEW claim 35: 

35. The method of claim 33, wherein said concentration is maintained greater than 0. 1 
pg/ml for a time greater than 4 hours. 

Reasons for Allowance 
The following is an examiner's statement of reasons for allowance : 
As amended above, the claims are distinguished over the art, as the art did not recognize 
achieving a Cmax of 10 pg/ml or less. For example, BENGTSSON (US Patent 5,763,398; PTO- 
1449, 5/4/07) teaches achieving a Cmax of approximately 400 pg/ml, however there is no 



Application/Control Number: 1 1/744,6 1 5 Page 5 

Art Unit: 1654 

teaching or suggesting in Bengtsson, or in combination with any other art of record, to lower the 
Cmax to 10 pg/ml. 

Furthermore, the independent claims have been amended to reflect the Cmax of 
desmopressin is no greater than 10 pg/ml, which finds support in the specification, particularly at 
paragraphs [0138] and [0141] of the parent Application (paragraphs [0130] and [0133] of the 
instant specification). The examiner notes that previously such limitations presented in the 
claims were considered, and rejected as, new matter. However, upon further review, the 
examiner reverses his opinion and finds sufficient evidence and support for the limitations now 
presented and placing the claims in condition for allowance. The specification discusses 
producing Cmax in a linear manner for doses p.o. of 200, 400 and 800 jag and discusses Cmax 
values for i.v. administration. Taken together with these examples, along with the discussion of 
the necessity for 'low dosages', one would reasonably find support under 112 1 st paragraph for a 
Cmax no greater than 10 pg/ml. 

With regards to the enablement/writtcn description rejections, the examiner finds the 
current amended claims are supported by the disclosure sufficient to withdraw the rejections. 
The claims are no longer drawn to treating any/all diseases, but rather to a select group of 
diseases with a single compound, and it would not pose an undue burden to determine what 
dosage/dosage form would be necessary to achieve the requisite desmopressin Cmax as in the 
claims, particularly since the examples show a linear correlation between dose and Cmax. 
Achieving the Cmax would amount to nothing more than routine optimization. 

Conclusion 

Claims 19-27, 29-31 and 33-35 are allowed. 
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Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Andrew D. Kosar whose telephone number is (571)272-0913. 
The examiner can normally be reached on Monday - Friday 08:00 - 16:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Cecilia J. Tsang can be reached on (57 1 )272-0562. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Andrew D Kosar/ 

Primary Examiner, Art Unit 1654 
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ABSTRACT 



A transdermal device having a detachably mounted 
electrode with a first surface adapted for contact with 
human skin and through which a drug substance con- 
tained in the electrode passes to the skin under the influ- 
ence of an iontophoretic or electro-osmotic force and a 
second surface which is electrically conducting, the 
electrode has a surface area in contact with the skin, in 
use, in the range 0.1 to 30 cm 2 and a drug dissolved or 
dispersed in a hydrophilic medium at a concentration in 
the range 0.1 to 15% (w/v) based on the hydrophilic 
medium. 

16 Claims, 7 Drawing Sheets 




5,135,480 

Page 2 



OTHER PUBLICATIONS 

J. HadgTaft, "Theoretical Aspects of Metabolism in the 
Epidermis" 4 Int. J. Pharm. 229 (1980). 
R. H. Guy, et al. "Percutaneous Metabolism With Satu- 
rable Enzyme Kinetics", 11 Int. J. Pharm. 187 (1982). 
D. C. Boone, "Clinics in Physical Therapy: Electro- 
therapy", Ed. Wolf, S. L. Ch. 5, p. 99. 
L. W. Gibson, et al. "A Test For Concentration of 
Electrolytes in Sweat in Cystic Fibrosis of the Pancreas 
Utilizing Pilocarpine by Iontophoresis", 23 Pediatrics 
545 (1959). 

M. W. M. Bridger, et al. "A Device For Iontophoretic 
Anaesthesia of the Tympanic Membrane", 6 J. Med. 
Eng. Tech. 62 (1982). 

R. T. Ransden, "Anaesthesia of the Tympanic Mem- 
brane Using Iontophoresis" 91 J. Larynoglogy & Otol- 



ogy 779 (1977). 

Johnson, et al. "The Patency of Sweat Ducts in 
Normal-Looking Skin" 83 British J. Dermatol. 367 
(1970). 

O. Siddiqui, et al. "The Effect of Iontophoresis and 
Vehicle pH on the In- Vitro Permeation of Lignocaine 
Through Human Stratum Corneum" 37 J. Pharm, Phar- 
macol. 732 (1985). 

L. P. Gargarosa, et al. "Conductivity of Drugs Used for 
Iontophoresis" 67 J. Pharm. Sci. 1439 (1978). 
T. J. Franz "Percutaneous Absorption of the Relevance 
of In Vitro Data" 64 J. Invest, Dermatol. 190 (1975). 
A. M. Klingman, et al. "Preparation of Isolated Sheets 
of Human Stratum Corneum", vol. 88, Archives Der- 
matol. 702 (1963). 



U.S. Patent Aug. 4, 1992 sheet 1 of 7 5,135,480 




U.S. Patent Aug. 4, 1992 Sheet 2 of 7 5,135,480 



, FIG. 1b. , 



LCD 



FIG.2. 



ss 



{PSl— ®- 



i 



j LOAD 
■ 



U.S. Patent Aug. 4, 1992 Sheet 3 of 7 5,135,480 



FIG. 3. 




TIME(hours) 



U.S. Patent 



Aug. 4, 1992 



Sheet 4 of 7 



5,135,480 




U.S. Patent Aug. 4, 1992 Sheet 5 of 7 5,135,480 




U.S. Patent Aug. 4, 1992 Sheet 6 of 7 5,135,480 




U.S. Patent 



Aug. 4, 1992 



Sheet 7 of 7 



5,135,480 



FIG. 7 




TIME (hours) 



5,135,480 

1 2 

A number of transdermal drug delivery systems have 

TRANSDERMAL DRUG DELIVERY DEVICE been developed and are currently in use. The drugs 

incorporated into these systems include nitroglycerin, 

This is a continuation of copending application Ser. which has been used for the treatment and prevention of 

No. 07/071,755 filed on Jul. 9, 1987 now abandoned. 5 angina pectoris, scopolamine for the treatment of mo- 

RACKOROTTMn OF thf TMVFMTinNr tion sickness ' the antihypertensive, clonidine and ste- 

BACKGROUND OF THE INVENTION rojd hormones such M ^^0]. devices typi . 

This invention relates to a device for the transdermal cally contain the active constituent dispersed or sus- 

delivery of drugs and, in particular, to an electrode for pended in a reservoir: its rate of release is controlled 

use in a transdermal device which includes means for 10 either by matrix diffusion or by its passage through a 

assisting or enhancing and controlling drug transport to controlling membrane. 

the systemic circulation. The release characteristics of a number of these com- 

DESCRIPTION OF THE PRIOR ART ^t^=fS^T£ 

The study of the penetration of drugs through the 15 (1983) J. Pharm. Sci. 72, 968-70, Dasta, J. F. and Ger- 

skin has become increasingly important in recent years. ates, D. R. (1982) and Shaw, J. E., et al (1976) J. Invest. 

The aims of such enhanced and controlled delivery are Dermatol. 67, 677-678. Many other drugs are at present 

to maximize the bioavailability of the drug, to optimize being evaluated for their suitability for transdermal 

the therapeutic efficacy and to minimize side effects. administration. 

There are many potential advantages of the trans- 20 The skin consists of three distinct layers; the epider- 

dermal route over the more conventional methods of mis, the dermis and subcutaneous fat. The outermost 

drug administration. These advantages may be summa- layer of the epidermis, the stratum corneum, is gener- 

rized in the following way. ally accepted to be the rate limiting barrier to drug 

Transdermal administration means that the drug may penetration, 
be introduced into the systemic circulation without 25 Hydration is one of the most important factors in skin 
initially entering the portal circulation where it may be penetration and may increase the absorption of sub- 
metabolized into a pharmacologically inactive form stances that penetrate the skin Behl, C. R. et al (1983) J. 
(first pass effect). For drugs that are normally taken Pharm. Sci., 72, 79-82. Hydration results from water 
orally, administration through the skin can eliminate used in the preparation of the transdermal device, 
factors such as pH changes and food intake that influ- 30 The mobility of water molecules per se within the 
ence gastrointestinal absorption. One of the most impor- hydrated stratum corneum is crucial to the permeability 
tant advantages of the transdermal route is that it pro- of water soluble substances because they are very prob- 
vides constant and continuous absorption of the drug, ably dissolved within this absorbed water. Just as diffu- 
thus keeping blood levels within the "therapeutic win- sion in dilute aqueous solution requires cooperative 
dow". In contrast, oral administration is often associ- 35 motion of water molecules, the permeability of water- 
ated with variable absorption with blood levels some- soluble substances through the stratum corneum like- 
times rising to toxic levels or falling to subtherapeutic wise, depends on the mobility of water molecules sur- 
levels. The transdermal route is, therefore, a suitable rounding the solute, Idson, B. J. (1975) Pharm. Sci., 64, 
route for the administration of very potent drugs, drugs 901-924. 

with short half lives and low therapeutic indices or 40 The rate of percutaneous absorption can be affected 

drugs which are subject to significant first pass effects. by the oil/water partition coefficient, the polarity of the 

Transdermal administration may allow rapid termina- drug and its degree of ionization, its solubility charac- 

tion of drug input should side effects occur, and it in- teristics, molecular weight, volatility, concentration 

creases patient compliance. The route is, however, and the nature of the drug vehicle, 

clearly not suitable for drugs that seriously irritate or 45 Many compounds evaluated for their ability to un- 

sensitize the skin, and for passive administration is re- dergo percutaneous absorption are strong to weak elec- 

stricted to drugs of suitable molecular configuration. trolytes. Depending on the pKo of the drug and the pH 

Many of the drugs that are otherwise suitable for of the vehicle, such compounds exist in an equilibrium 

transdermal delivery do not achieve sufficiently high mixture of ionized and unionized species. To properly 

blood levels for pharmacological activity when admin- 50 control the rate at which such electrolytes permeate the 

istered transdermally so that it is sometimes necessary skin, it is necessary to determine the permeability coeffi- 

to enhance this delivery. This can be achieved by chem- cients of both forms of the drug. Michaels, A. S. et al 

ical means namely by the use of absorption promoters (1975) A. I. Ch.E. 21, 985-996, calculated the perme- 

e.g. aprotic solvents such as dimethylsulfoxide abilities of the ionized forms of scopolamine and ephed- 

(DMSO), Azone (Trade Mark) and surfactants (Astley 55 rine to be l/20th of those for the unionized forms. The 

and Levine (1976) J. Pharm. Sci. 65, 210-215; Stough- permeation of the ionized drug through the skin is 

ton and McClure Drug Dev. Ind. Pharm. (1983) 9, therefore possible and cannot be assumed to be negligi- 

725-744). ble especially at pH levels at which large concentrations 

In order that a transdermal delivery device may con- of ionized molecules are present, i.e., substances with 

trol the rate of penetration of the drug through the skin, 60 low pK<, values, Swarbrick, J. et al (1984) J. Pharm. 

it must release the drug at a rate which is less than that Sci., 73, 1352-1355. 

at which it can permeate the skin. Under these condi- Other factors that affect the rate of absorption of 

tions, the more readily the drug is released from the drugs across the skin include chemical effects such as 

drug delivery system, the higher the rate of transdermal binding of the drug in the epidermis, (Zatz, J. L. (1983) 

absorption. The rate of drug release depends on 65 Drug. Dev. Ind. Pharm., 9, 561-577 and the metabolism 

whether the drug molecules are suspended or dissolved of the drug as it penetrates the skin, (Hadgraft, J. (1980) 

in the vehicle and on the interfacial partition coefficient Int. J. Pharm., 4, 229-239, Guy, R. H. and Hadgraft J. 

of the drug between the delivery system and the skin. (1982) Int. J. Pharm., 1 1, 187-197. The rate of percutan- 
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cous absorption is influenced by the temperature and is electrically conducting and which is adapted for 

increases as the temperature is raised. An increase in contact with an electrical source in said transdermal 

temperature may be effected by occluding the absorp- device, said electrode having a surface area in contact 

tion site or by application of an absorption enhancer with the skin, in use, which is in the range 0.1-30 cni2, 

such as DMSO or a surfactant. 5 said drug being dissolved or dispersed in a hydrophilic 

Anatomical differences in penetration rates seem to medium in said electrode and said drug concentration 

depend largely on the thickness of the stratum corneam, being in the range 0. 1 to 15% (w/v) based on the hydro- 

with rates increasing in the following anatomical order: philic medium, and said second surface of said electrode 

plantar; anterior forearm; instep; scalp; scrotum; and being drug impermeable, 
posterior auricular. 1 

The technique of iontophoresis has been used on a 
limited scale in medical therapy. Iontophoresis is the 

process of moving ions into surface tissues with the aid Preferably, the hydrophilic medium is a gel material 

of an electrical current, Boone, D. C. (1982) in "Clinics which is formed into a disc, one major surface of said 

in Physical Therapy: Electrotherapy", Ed. Wolf, S. L., 15 disc defining said skin-contacting surface of said elec- 

Ch. 5, p 99-121. The technique was discovered nearly a trode and said other major surface of said disc having an 

century ago, but it is only in recent years that much electrically conducting material adhered thereto and 

interest has been shown in it as a method of local drug defining said second surface of said electrode, 

administration of ions; its chief proponents are to be The disc of hydrophilic gel material may have a drug 

found in the disciplines of dermatology, dentistry and 20 permeable membrane attached to said one major surface 

otolaryngology. It is a safe, well documented method of and defining said skin-contacting surface of said elec- 

introducing ions or polar substances into the skin by the trode and a layer of aluminium or platinum foil attached 

application of a direct current between two electrodes to said other major surface and defining said second 

placed on the skin of the patient e.g. pilocarpine, local surface of said electrode. 

anaesthetics, anti-virals (Gibson, L. W. and Cooke R. E. 25 Preferably, the hydrophilic medium is a biocompati- 

(1959) Pediatrics, 23, 545-549; Bridger M. W. M. et al, ble polymer or polymeric gel of suitable rigidity and 

(1982) J. Med. Eng. Tech., 6, 62-64; Ramsden R. T. conductance and having the drug distributed there- 

(1977) J. Laryngology and Otology., 91, 779-785; John- through. A wide range of natural and/or synthetic poi- 
son, C. and Shuster, S. (1970) British J. Dermatol., 83, ymeric materials or gelling agents or mixtures thereof 
367-379; Siddiqui, 0. et al (1985) J. Phann. Pharmacol., 30 may be used to form the hydrophilic medium of the 
37, 732-735. One advantage claimed for iontophoresis transdermal device according to the invention. Such 
as a technique for drug administration is that systemic materials include agar gel, karaya gum gel, polyox- 
toxicity is virtually eliminated, since only a small yethylene-polyoxypropylenes such as Pluronic F68 
amount of drug is delivered. (Gangarosa L. P. et al (Pluronic F68 is a Trade Mark) and Pluronic F127(Plu- 

(1978) J. Pharm. Sci., 67, 1439-1443). 35 ronic F127 is a Trade Mark), gelatin, sodium carboxy- 
Transdermal devices are known from Patent Publica- methylcellulose, poly(ethylene oxide) polymers such as 

tion GB 2 104 388A and also from U.S. Pat. Nos. Macrogol (Macrogol is a Trade Mark), methylcellulose, 
4,557,723, 4,622,031 and 4,640,689. However, all of the carboxyvinyl polymers crosslinked with allyl sucrose 
devices disclosed in the aforementioned four documents such as Carbopol (Carbopol is a Trade Mark) and poly- 
are applied to the skin by adhesive means. The use of 40 acrylamide gels or mixtures thereof. The term "agar" is 
adhesive at the site of application of a drug which is to synonymous with "agar-agar". The gelling agents may 
be administered by the transdermal route can cause be based on aqueous solvents and co-solvents. The co- 
severe irritation which may necessitate discontinuing solvents include, for example, alcohols such as ethanol, 
such transdermal treatment. The irritation observed is polyols such as glycerol, ethylene glycol and propylene 
frequently far more severe than the irritation caused by 45 glycol, dimethylfonnamide, dimethylsulfoxide and 
the drug itself which is sometimes observed at the site of other aqueous miscible co-solvents. The reservoir may 
application of a transdermal device. also include suitable antimicrobial, antifungal and other 

It is an object of the present invention to provide an pharmaceutical excipients secundum artem. 

electrode for use in a transdermal device wherein the Suitable antimicrobial and antifungal agents/preser- 

transport of drugs from a reservoir for the drug, integral 50 vatives include benzalkonium chloride, cetrimide 

with the electrode, to the skin and thence to the sys- (cetyltrimethylammonium bromide), benzoic acid, ben- 

temic circulation is promoted and controlled by means zyl alcohol, Parabens (Trade Mark for the methyl-, 

integral with the device and capable of supplying an ethyl-, propyl- and butyl- esters of para-hydroxybenzoic 

electric current as a driving force for said drug trans- acid), chlorhexidine, chlorobutanol, phenylmercuric 

port. 55 acetate, borate and nitrate, potassium sorbate, sodium 

It is a further object of the invention to provide a benzoate, sorbic acid and thiomersal (mercurithiosalicy- 

transdermal device which is portable and easy to oper- late) or a mixture thereof. 

ate and which can be readily adapted to meet the special The hydrophilic medium may also include an anti- 
requirements particular to a given drug. oxidant Preferred antioxidants include sodium metabi- 

SUMMARY OFTHEINVENTION « SSStfttJESSSS " ^ ^ 

Accordingly, the invention provides an electrode for The hydrophilic medium may also include a pH-con- 

use in a transdermal device, said electrode comprising a trolling agent. Preferred pH-controlling agents include 

first surface adapted for contact with human skin and citric acid and sodium citrate. 

through which a drug substance contained in the elec- 65 The hydrophilic medium may also include a plasti- 

trode may pass to the skin under the influence of an cizer. Suitable plasticizers include diethylphthalate, 

iontophoretic or electro-osmotic force and a second dibutylphthalate and tributylcitrate or a mixture 

surface remote from sajd skin-contacting surface which thereof. 
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The hydrophilic medium may also include a surfac- istration of a drug and for continuous assisted drug 

tant. Suitable surfactants include sodium lauryl sul- transport. 

phate, diethylene glycol monostearate, propylene gly- The current used can be in the region of 0.01-10 mA. 

col monostearate, polyethylene glycols as sold under For example, the device can suitably operate at 0.5 mA 

the Trade Mark MACROGOL, polysorbates and poly- 5 at 10-20 volts. The current may be constant, variable or 

vinyl alcohol or a mixture thereof. pulsed. 

The hydrophilic medium may also include a penetra- In a particularly preferred embodiment, the trans- 

tion enhancer. Suitable penetration enhancers include dermal device includes a support means for attaching 

dimethylsulfoxide, N,N-dimethylacetamide, N,N-dime- the device to a limb or appendage of the body. Such a 

thylformamide, 2-pyrrolidone, N-methyl-2-pyrrolidone 10 support means is suitably in the form of a strap or brace- 

and 1-dodecyl azacyclo-heptan-2-one or a mixture let, more particularly a wrist watch strap or bracelet. In 

thereof. place of a strap one may use a hollow bracelet. When a 

The hydrophilic medium may also include a humec- hollow bracelet is used the lead from the power supply 

tant. A particularly preferred humectant is glycerol for to the counter electrode would be housed in the interior 

use in a high humidity environment. 15 of the bracelet. 

Further the hydrophilic medium may also include a ^ second or counter electrode may be located in 

local anaesthetic. Suitable local anaesthetics include the bracelet or strap at a point distant from the first 

lidocaine, benzocaine, lignocaine, methocaine, electrode or, alternatively, the two electrodes may be 

butylaminobenzoate and procaine or a mixture thereof. J 0 ""^ adjacent to one another but separated by an 

The preparation would include a local anaesthetic 20 ^dating material. 

mainly to suppress irritation at the site of application term , drug as used herein embraces most phar- 

thereof caused by the drug. ideologically active substances and also nutritional 

Additionally, the hydrophilic medium may include a supplements such as vitamins and electrolytes. Espe- 

rubefacient. Particularly preferred rubefacients include „ a ^ s " ltable Pharmacologically active substances for 

camphor and menthol or a mixture thereof and other 25 " se 35 th , e dru f m the electrode according to the inven- 

locally acting peripheral vasodilators. toon include, for example, clomdine or a salt thereof, 

The electrode according to the invention will nor- ™ uhn l a ^ aa \ n-^^e, orc.preiulme or a salt 

mally have a contact area less than 10 crr^ thereof, salbutamol or a salt thereof, sodium chromog- 

In addition to the electrical source the essential com- „ the *? Ue desmo f«f n ■ » will be wear 

J™ * h t *° f I f- *Y As indicated above the device incorporating the elec- 

means of adjusting the current, a means of indicating the trode accordi to the invention £ used % admin . 

successful operation of the dey.ee, ,e. an indicator hght ister two ^ simultaneousIy by the transdermal 

to show that the .current u ;.n the .required range for the , 5 rQUte ^ , £ of „ ^ 

correct administration of the particular drug and a sec- administered m this way ^ a combination of orcipreni- 

ond electrode, which may be a counter electrode, line su] hate or ^ butamol ^ chrom o g lycate 

which in use will be situated at a different site on the in the t ^ eatnient of g 

skin to said first electrode. The counter electrode will Suitable concen trations for the preferred drug's for 

comprise a suitable metal or polymer such as a conduc- 40 use in the electrode according t0 the invention are: 

five resm or rubber and may contain a suitable conduct- nicotme 0 2 _ 5% (w/v) based on the h d hilic me _ 

mg gel and/or an adhesive. The second electrode may dium- 

also comprise an electrode of the type defined for said clonidine 2-8% (w/v) based on the hydrophilic me- 

first electrode. Accordingly, the device incorporating dium- 

the electrode according to the invention may be used to 45 salbutamol 1-6% (w/v) based on the hydrophilic 
administer two drugs simultaneously by the transdermal medium- 
route. When it is desired to administer two drugs of morphine 0.4-8% (w/v) based on the hydrophilic 
opposite charge, the first and second electrodes must be medium- 
housed in chambers of opposite polarity. orcipreniline 0.1-20% (w/v) based on the hydro- 
More especially, the first electrode and the electrical 50 philic medium; 
source will be housed in a single unit which may also sodium chromoglycate 1-10% (w/v) based on the 
preferably include an LCD (liquid crystal display) and a hydrophilic medium; 

control circuit. The LCD may display current, voltage desmopressin 0. 1-5% (w/v) based on the hydrophilic 

and timing readings, as required. The exterior surface of medium; and 

the unit will, therefore, simulate the face of a time piece. 55 in Su iin 0.1-1% (w/v) based on the hydrophilic me- 

The unit may include an ammeter and preferably a dium. 

voltage adjuster. The control circuit may also include a A particular advantage of the present transdermal 

galvanostat which regulates the current and maintains device is that the electrode incorporating the drug res- 

the current constant despite varying resistance of the ervoir defined by said hydrophilic medium forms an 

skin. The power supply will suitably comprise conven- 60 integral unit which can be discarded once the drug 

tional miniature or "light-weight" batteries. For exam- supply is used up.' Hence one does not experience the 

pie, conventional sheet batteries and microbatteries may problem which is characteristic of certain conventional 

be used. transdermal devices which are used in association with 

The unit may also include a timing circuit which will an electrode and wherein the drug reservoir only is 

activate the device at selected intervals or give a signal 65 disposable. With such devices residues of material defin- 

in the form of a bleep which will prompt the user to ing the drug reservoir adhere to the electrode when the 

activate the device at selected intervals of time. How- drug supply ofthe reservoir is exhausted. Such residues 

ever, the device can also be used for continuous admin- build up with time, such that the device becomes pro- 
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gressively less effective and it becomes increasingly PS — a power supply with reversible polarity; 

difficult to transport the drug to the skin surface in use. A — an ammeter; 

The hydrophilic gel medium used in the electrode G — a galvanostat; 

according to the invention is biocompatible, stable, easy SS — a selective switch; 

to handle and compatible with the conducting material 5 LCD — a liquid crystal display for time, voltage or 

of the electrode. current, as selected; 

BRIEF DESCRIPTION OF THE DRAWINGS LED — a visibIe signal of satisfactory operation of 

the device. 

The invention will be understood from the following The invention will be further illustrated by the fol- 
description of an embodiment thereof given by way of 10 lowing Examples, 

example only with reference to the accompanying * 

drawings in which: EXAMPLE 1 

FIG. la is a schematic representation of a trans- A nicotine-containing agar gel was prepared by dis- 

dermal device incorporating an electrode according to paang 4% agar m gi ycero i :wa ter (1:4) and dissolving 

^ VC If° n: u • c u . , " ^cotine (98-100% anhyd.;Sigma Chemicals N3876) 

FIG. lb is a schematic representation of the electrode ibmia M „ t0 achieve a conception 0 f 55 mg/ml. 

accorduig tothemvention; While still in the liquid state, the gel so prepared was 

FIG. 2 is a cucuit diagram of the circuit employed m d on a k ^ dimilliuin f< £ ^ ^obtain an 

the ransdermal device depicted in FIG. la; electrode 

FIG. 3 is a plot of in vitro nicotine release (mg) versus 20 ^ of g cm2 

to Fi?T! f f ^r 1 f r0d r P , eP ^ edin f amP , le l \ In v "«> "l^asc of nicotine from the electrode so 

vefsuttime t TZ P re P ared was determined in a glass, custom built diffu- 

ExieT P P sion cdl based on the Franz (Franz T. J- (1975) J. 

FIG. 5 is a plot of in vitro salbutamol release (mg) 25 InVe ? • Dermatol 64 190) Full thickness abdominal 

versus time (hours) at 0.25 mA (curve a) and 0.5 mA skm (approx 4 cm X 15 cm) taken from cadavers within 

(curve b) for the electrode as prepared in Example 3; f 8 hours P° st ™ nem was ^ m the ' n v,tro charac " 

FIG. 6 is a plot of in vivo salbutamol plasma levels » the transport membrane. The stratum cor- 

(ng/ml) versus time (hours) for the electrode as pre- ne " m ™ d epidermis (SCE) were separated from the 

pared in Example 3- and 30 other skln layers usm S the method of A M KJigman 

FIG. 7 is a plot of in vitro morphine release (mg) Md R Christophers (Archives Dermatology (1963) 

versus time (hours) for the electrode as prepared in VoL 88 > P a S es 702-705). The nicotine transported 

Example 4. through the membrane was analysed using a Pye Uni- 

Referring to FIG. la of the drawings, there is indi- 041,1 SP 200 (Trade Mark) uv/vis spectrophotometer 

cated generally at 1 a transdermal device incorporating 35 and bv reverse phase HPLC. The nicotine release is 

a disposable electrode 3 according to the invention, said depicted in FIG. 3 of the accompanying drawings, 

device 1 comprising a housing 2 for the electrode 3 EXAMPLE 2 
(FIG. lb) which consists of an electrically conducting 

layer 4 and a disc of 4% agar gel 5 in which is dispersed Example 1 was repeated except that nicotine was 
salbutamol at a concentration of 27.5 mg/ml and which 40 replaced by clonidine hydrochloride and the clonidine 
is attached to the site of application by means of a strap hydrochloride was dissolved in 4% agar gel so as to 
6 having at the free ends thereof the cooperating ele- achieve a concentration of clonidine hydrochloride of 
ments of a conventional clasp 7. The electrode 3 is 27 mg/ml. The in vitro release of clonidine was mea- 
connected by a lead 8 to a source of electrical potential sured according to the procedure of Example 1 and the 
comprising a power supply 9, a control and timing 45 release is depicted in FIG. * of the accompanying draw- 
circuit 10, an ammeter 11, a galvanostat 12 and a fixed m S s - 

metal electrode 13 against which is placed the conduct- cv . „ m ^ , 

ing layer 4 of the electrode 3. EXAMPLE 3 

The power supply 9 is also connected via a lead 14 to Example 1 was repeated except that nicotine was 
a counter electrode 15 located adjacent the clasp 7 and 50 replaced by salbutamol and the salbutamol was dis- 
which electrode 15, in use, allows the circuit to be com- solved in a gel made from methylcellulose (0.16%) and 
pleted when the device is applied to the skin. The elec- agar (3.84%) so as to achieve a concentration of sal- 
trode 15 comprises a layer of a conducting gel, one butamol of 27.5 mg/ml. The in vitro release was mea- 
major surface thereof defining a skin-contacting surface sured according to the procedure of Example 1 and the 
and the other major surface thereof having intimately 55 release is depicted in FIG. 5 of the accompanying draw- 
associated thereto a metallic conducting layer. The ings. 

power supply 9 comprises two minature batteries (2.5 The release of salbutamol from the electrode so pre- 

V). The device 1 also contains an LCD 16 with appro- pared was also measured in vivo in two subjects and the 

priate switching arrangements which can display time, mean results are depicted in FIG. 6 of the accompany- 

current and voltage, an audible alarm/warning device 60 ing drawings. 

which prompts the user to activate the device by press- ' 

ing an on/off button 17, and an LED (light emitting EXAMPLE 4 

diode) to indicate satisfactory operation of the device. Example 1 was repeated except that nicotine was 

The main components of the circuit employed in the replaced by morphine and the morphine was dissolved 

device 1 are depicted in the circuit diagram comprising 65 in 5% agar gel so as to achieve a concentration of 55 

FIG. 2. Said components are as follows: mg/ml. The in vitro release was measured according to 

TC — a timing circuit, optionally programmable and the procedure of Example 1 and the release is depicted 

with an audible warning device; in FIG. 7 of the accompanying drawings. 
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group consisting of agar gel, karaya gum gel, a polyox- 
EXAMPLE 5 yethylene-polyoxypropylene gel, gelatin, sodium car- 

Example 1 was repeated except that nicotine replaced boxymethylcellulose, a poly(ethylene oxide) polymer, 
by desmopressin and the desmopressin was dissolved in methylcellulose, carboxyvinyl polymers cross linked 
a gel made from karaya gum (30%) so as to achieve a 5 with allyl sucrose and polyacrylamide gels or a mixture 
concentration of desmopressin of 3 mg/ml. thereof. 

5. A transdermal according to claim 1, wherein the 
EXAMPLE 6 hydrophilic medium contains one or more additional 

Example 1 was repeated except that nicotine was agents selected from the group consisting of antimicro- 

replaced by insulin and the insulin was solubilized in a 10 bial agents, antifungal agents, preservatives, anti-oxi- 

30% aqueous gel containing polyacrylamide (approx. dants, pH-controlling agents, plasticizers, surfactants, 

15 XlO 6 molecular weight) so as to obtain a concentra- penetration enhancers, humectants, local anaesthetics 

tion of insulin of 4 mg/ml. and rubefacients. 

6. A transdermal device according to claim 1, 
EXAMPLE 7 15 wherein the second electrode connected to said housing 

Separate electrodes containing sodium chromogly- such that, when in use, will be situated is a different site 
cate and salbutamol, respectively, were prepared for on the skin to said first electrode, 
use in a transdermal device for the simultaneous admin- 7. A transdermal device according to claim 6, 
istration of said drugs by the transdermal route. The wherein the components of the electrical circuit, ex- 
sodium chromoglycate electrode was prepared accord- 20 eluding the second electrode, are housed in a single 
ing to the procedure of Example 1 except that nicotine unit, the exterior surface of said unit simulating the face 
was replaced by sodium chromoglycate and the sodium of a time piece, said unit being mounted in a strap or 
chromoglycate was dissolved in 4% agar gel so as to bracelet for attachment to a limb of a body, 
achieve a concentration of 30 mg/ml. The salbutamol 8. A transdermal device according to claim 7, 
electrode was prepared in accordance with Example 3 25 wherein the unit includes an LCD and a galvanostat 
and contained a concentration of salbutamol of 27.5 which regulates the current applied to the first elec- 
mg/ml. trode and maintains said current constant despite the 

What we claim is: varying resistance to the skin. 

1. A transdermal device suitable for long term admin- 9. A transdermal device according to claim 1, 
istration of a drug substance comprising: a housing; a 30 wherein the drug substance is selected from the group 
complete electrical circuit having a first electrode de- consisting of clonidine, insulin, morphine, nicotine, or- 
tachably mounted within a recess in said housing, said cipreniline, salbutamol, sodium chromoglycate and de- 
first electrode having a first surface adapted for contact smopressin or a pharmaceutically acceptable salt 
with human skin and through which the drug substance thereof. 

contained in the first electrode may pass to the skin 35 10. A transdermal device according to claim 1, 
under the influence of an iontophoretic or electro- wherein said second electrode is also an electrode of the 
osmotic force and a second surface remote from said type as defined for said first electrode, such that the 
skin-contacting surface which is electrically conducting transdermal device incorporating said first and second 
and which is adapted for contact with an electrical electrodes may be used to administer two drugs simulta- 
source in said housing such that the first electrode can 40 neously by the transdermal route, 
be discarded and replaced by a new electrode when the 11. A transdermal device according to claim 1, 
drug supply substance is exhausted, said first electrode wherein the surface area of the first electrode adapted 
having a surface area adapted to be in contact with the to be in contact with the skin is in the range of 0.1 to 30 
skin when in use, said drug substance being dissolved or cm 2 . 

dispersed in a hydrophilic medium defining said first 45 12. A transdermal device according to claim 1, 
electrode, and said second surface of said first electrode wherein the drug substance has a concentration in the 
is drug impermeable, a means for adjusting the current, range of 0.1 to 15% weight/volume based on the hydro- 
means for indicating the current is in the required range philic medium. 

for correct adrninistration, and a second electrode 13. A transdermal device comprising a housing first 
which is optionally detachable for completing said elec- SO electrode detachably mounted to said housing and an 
trical circuit; and a non-adhesive means for securing electrical source within said housing wherein said hous- 
said device to the skin. ing is mounted in a strap or bracelet for attachment to a 

2. A transdermal device according to claim 1, limb of a body, said first electrode having a fist surface 
wherein the hydrophilic medium is a gel material which with a surface area adapted for contact with human skin 
is formed into a disc, one major surface of said disc 55 when in use, a drug substance dissolved or dispersed in 
defining said skin-contacting surface of said first elec- a hydrophilic medium defining said first electrode 
trode and a second major surface of said disc having an which can pass to the skin under the influence of an 
electrically conducting material adhered thereto and iontophoretic or electroosmotic force created by said 
defining said second surface of said first electrode. electrical source, and a second surface remote from said 

3. A transdermal device according to claim 2, 60 first surface which is drug impermeable, electrically 
wherein the disc of hydrophilic gel material has a drug conducting and an integral part of said first electrode, 
permeable membrane attached to said one major surface said second surface further being adapted for contact 
and defining said skin-contacting surface of said first with said electrical source, and a second electrode in 
electrode and a layer of aluminium or platinum foil said strap or bracelet for connection to said electrical 
attached to said second major surface and defining said 65 source and adapted to be situated at a different site on 
second surface of said first electrode. the skin to said first electrode. 

4. A transdermal device according to claim 3, 14. The transdermal device according to claim 13, 
wherein the hydrophilic medium is selected from the wherein said second electrode is also an electrode of the 
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type as defined for said first electrode, such that the 
transdermal device incorporating said first and second 
electrodes may be used to administer two drugs simulta- 
neously by the transdermal route. 

15. A transdermal device according to claim 13, 
wherein the surface area of the first electrode adapted 
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to be in contact with the skin is in the range of 0.1 to 30 
cm 2 . 

16. A transdermal device according to claim 13, 
wherein the drug substance has a concentration in the 
5 range of 0. 1 to 1 5% weight/volume based on the hydro- 
philic medium. 
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[57] ABSTRACT 

The invention comprises in combination: 

(a) a polypeptide having from about three to about 20 
peptide units in aqueous solution or suspension, and 

(b) an electrolytic device for transdermal transport of 
the polypeptide to the bloodstrem of the patient. 

It may be useful to enhance the transdermal delivery of 
the polypeptide by adding an aqueous cosolute/cosol- 
vent with negative Setschenow constants. 
The electrolytic device preferably comprises a hydro- 
philic reservoir containing a supply of the aqueous poly- 
peptide solution or suspension, an electric battery, two 
extended contacts, and optionally a semipermeable 
membrane between the reservoir and the patient's skin. 
Representative polypeptides include oxytocin, angio- 
tensin I, II, and III, substance P, vasopressin, lypressin, 
desmopressin, leuprolide acetate, antripeptin, and the 



19 Claims, 1 Drawing Sheet 
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ELECTROLYTIC TRANSDERMAL DELIVERY OF 
POLYPEPTIDES 

RELATED U.S. PATENTS AND APPLICATIONS 
This application is related to U.S. Pat. Nos. 4,557,723, 
4,622,031 and 4,640,689 and to copending applications 
Ser. No. PCT/US85/O0O8O filed Jan. 17, 1985; 
PCT/US85/01074 and PCT/US85/01075 both filed 
June 10, 1985; Ser. No. 778,183 filed Sept. 16, 1985; Ser. 
No. 807,234 filed Dec. 10, 1985; Ser. No. 839,523 filed 
Mar. 14, 1986; Ser. No. 888,151 filed July 18, 1986; Ser. 
No. 922,296 filed Oct. 23, 1986; and Ser. No. 554 and 
555 filed Jan. 5, 1987. 

FIELD OF THE INVENTION 
This invention relates to electrolytic transdermal 
delivery of polypeptides and more specifically to deliv- 
ery to the blood stream of the patient of aqueous solu- 
tions or suspensions containing polypeptides with from 
about three to about 20 alphaamino acid units. 

BACKGROUND OF THE INVENTION 
Patents and patent applications cited above disclose 
basic aspects of transdermal delivery of drugs by elec- 
trical power patches on the patient's skin. Other U.S. 
and foreign patents also disclose transdermal electrical, 
and medical effects, as follows: 



U.S. Pat. No. 



385,556 2,267,162 3,163,166 

486,902 2,493,155 3,289,671 

588,479 2,784,715 3,547,107 

3,677,268 4,239,052 4,367,745 

4,008,721 4,243,052 4,367,745 

4,141,358 4,273,135 4,406,658 

4,164,226 4,290,878 4,419,019 

4,166,457 4,325,367 4,474,570 

4,239,046 4,362,645 
Foreign Patents 

EPA 58,920 DE 2,902,021.83 UK 2,104,388 

EPA 60,452 DE 3,225,748 



None of these references, however, show the effec- 
tive administration of polypeptide drugs such as de- 
smopressin, vasopressin, substance P, angiotensin, 
lypressin and the like. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to administer 
polypeptide drugs with a range of molecular weights 
from about three peptide units to about 20 peptide units 
transdermally to humans, adult or child, and other ani- 
mal patients by means of a locally applied electric field. 

It is a further object of the invention to administer 
polypeptide drugs transdermally in an electric field 
regardless of the degree of ionization or the amount of 
ionic charge on the polypeptide. 

It is yet another object to maximize the transdermal 
administration of polypeptide drugs by eliminating or 
minimizing the association of polypeptide drugs in 
aqueous media. 

It is still another object to administer polypeptide 
drugs transdermally by an electric applicator which 
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occupies minimal area, gives the patient minimal dis- 
comfort, generates sufficient current density with mini- 
mal size and weight, and operates effectively under a 
wide variety of skin conditions. 

It is yet a further object to administer polypeptide 
drugs transdermally by electrolytic devices without 
irritation or reddening of the skin, and without tingling 
or other sensations. 
10 Other objects of the present invention will be appar- 
ent to those skilled in the art. 

SUMMARY OF THE INVENTION 
The present invention comprises in combination: 
15 (a) a polypeptide having from about three to about 20 
peptide units in aqueous solution or suspension, and 

(b) an electrolytic device for transdermal transport of 
the polypeptide to the bloodstream of the patient. 
2Q The invention further comprises a method for deliv- 
ering the polypeptide to the bloodstream of the patient 
by means of the electrolytic device. 

The polypeptide may be of homopolymeric, 
heteropolymeric, cyclical, or other structural type. 
25 It may be useful to enhance the transdermal delivery 
of the polypeptide by adding an aqueous cosolute/- 
cosolvent with negative Setschenow constants. 

The electrolytic device preferably comprises a hy- 
drophilic reservoir containing a supply of the aqueous 
30 polypeptide solution or suspension, an electric battery, 
two extended contacts, and optionally a semipermeable 
membrane between the reservoir and the patient's skin. 
Representative polypeptides include oxytocin, angio- 
35 tensin I, II, and III, substance P, vasopressin, lypressin, 
desmopressin, leuprolide acetate, and the like. Within 
the scope of this invention is the transdermal delivery of 
polypeptides with other classes of drugs, such as ste- 

40 BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of one type of elec- 
tronic/electrolytic device to administer polypeptides to 
45 a patient transdermally. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 
Polypeptides are condensation polymers of aminoa- 

50 cids which are linked by formation of amide bonds from 
the amino group of one aminoacid and the carboxylic 
acid group of another. Polypeptides are homopolymers 
or heteropolymers of the 20 aminoacids necessary to 
build mammalian body tissue. In nature, they have a 

55 laevo configuration. In this disclosure "polypeptide" 
means molecules with from about three to about 20 
peptide units. 

In copending application Ser. No. 012,898, filed con- 
currently on Feb. 10, 1987 I disclose an invention for 
administering "proteins" transdermally by electrolytic 
means and define "protein" as a polypeptide with more 
than about 20 peptide units, e.g. insulin whose single- 
strand has 51 units. 

65 Numerous polypeptides are useful drugs in the treat- 
ment of human diseases or their diagnosis. Table I 
shows examples of the names of drugs, their trade 
names, and their application. 
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acetate Lupron 

dynorphin A (1-17) 

dynorphin A (1-8) 
dynorphin B 
met-enkephalin 

thyrotropin TRH 
releasing hormone MIF 

a-melanocyte a-MSH 




It should be emphasized that polypeptides can vary Adding some nonpolar nonelectrolytes such as either, 

widely in the number of peptide units they contain from methyl acetate, dimethylsulfoxide structure water i.e. 

a few, as in thyrotropin releasing hormone to six times 30 reinforce water structure and decrease its compressibil- 

51 units as in hexameric insulin. In order for large poly- ity. Some small ions e.g. lithium and fluoride also rein- 

peptides to be transported through the skin, it is prefera- force the structure of water. 

ble that the polypeptide is unassociated. If the polypep- Conversely, most ions, iodine, methyl halides, small 

tide is single-stranded, the cross-section of the linear aminoacids, urea, and other polar nonelectrolytes are 

macromolecular would be only a few square Angstroms 35 "structure breakers" of water. 

even if the entire folded, convoluted, or random poly- Precise analysis of the structure of water may be a 
mer is large in radius of gyration. It is sometimes prefer- complex matter, yet it is a description of only one sub- 
able to add a dissociating agent to a solution of the stance. Precise description of polypeptides dissolving in 
smaller polypeptides of the present invention, also. water, or dissociating if already dissolved, covers much 
There have been many proposed descriptive models 40 broader phenomena, since there are myriad polypep- 
for the structure of liquid water, such as: tides and myriad cosolvents or dissociation agents to 

(a) in interstitial model of ice whose cavities are filled coact with water, 
with water, The conformation of polypeptides in solution is de- 
ft) quartz-like aggregates pendent at a minimum on the concentration of polypep- 

(c) water as a hydrate of itself, 45 tide, pH, solvent composition, ionic strength, ionic 

(d) flickering clusters of cooperative H-bonds; charge on the polypeptide, solvent dielectric properties, 

(e) a two-structure, mixture model. presence of cosolutes, shear stresses, and the presence of 
Chemists have known for decades that water forms heterogeneous third bodies such as surfaces of the con- 
clathrates with xenon, chlorine, methane and other tainer, granules, and the like. 

molecules and therefore must have cavities. The struc- 50 It is generally accepted that the configuration of 
ture of liquid water depends on the distance and angles polypeptides in aqueous media comprises folded macro- 
of H-bonds. In a two-dimensional sense, water is a hex- molecules with hydrophobic domains forming a central 
agonal array of "aromatic" structures. core and hydrophilic domains oriented toward the 
The solubility of argon in "structured" water is about aqueous perirneter. The process of dissolution is diffi- 
one-tenth that of argon in alcohols. As temperature 55 cult to describe in detail, but the energetics of the solu- 
increases from 0° to 30° C. the solubility of argon in tion process can be determined in a straightforward 
water decreases while that in alcohols increases. The manner. Much information about solution, disassocia- 
charge in entropy of methane in water is about -15 to tion, denaturation, coiling, gelation, unfolding, and 
—20 e.u. but in alcohols, dioxane, and cyclohexane is other changes in so-called tertiary and quaternary struc- 
about - 1 e.u. The change in enthalpy of methane in 60 tures may be gained from a detailed study of solution 
water is about -3000 cal/mole, but in the same organ- and/or gelation of polypeptides in water and water 
ics is 200-500 cal/mole. The process of solution may be containing other cosolvents or "agents", 
modeled as "forming a cavity" then introducing the The primary structure of a polypeptide is the term 
solute into that cavity. In a normal fluid the energy to used for the sequence of aminoacids as they appear 
form the cavity is positive, then filling the cavity is 65 along the chain of the macromolecule. The local organi- 
minus (attractive). Since water already has cavities zation of the chain e.g. helix formation, random coil, 
present, there is about zero energy to form such and folding is termed secondary structure. The overall spa- 
negative energy to dissolve the solute (fill) the cavity. tial arrangement of the polypeptide on the atomic level, 
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what X-ray crystallography shows, is the tertiary level mated by negative Kb divided by log transform con- 

of structure. The quaternary structure is that of several stant 2.303. Since negative standard free energies of 

chains which may form different regions with different transfer indicate spontaneous reactions, negative F.° 

properties e.g. a dumbbell-like structure with a flexible va i ues f or transfer from water to a mixture of water and 

middle rod and two hard ends. The function of the 5 the cosolvent indicate dissociation. The more negative, 

regions may vary, n hemoglobin, 4 myoglobins group the more dissociated . Table n ives Setschenow con- 

ll^J^fu ?,? I a u 31 T S I stants for avera S e P e P tide ^ hydrophobic groups as 
about 17 000 daltons with the oxygen-beanng function weU free of fef vd f * ^ f 

associated with the two harder spheres on the ends , * i * u « i ; i 

rather than the flexible part in the middle. io f^ 1 ^, as taken from a paper by Herkovits et al 

Dissociation agents greatly affect quaternary struc- Jov ^ °f 9* 0ld voL 63, No. 2, 

ture, are irrelevant to tertiary structure, may affect £ 232 of February 1978. The lower the position m 

secondary structure, and have no effect on primary Table n » the better the dissociation agent, 

structure of polypeptides. Smce thermodynamics is a description of the ultimate 

The effect of a solvent such as water on a polypeptide 15 reaUt V' the last column listing free energies of transfer 

can be described in terms of an equilibrium constant Ko shows those agents which are preferred in practicing 

and the standard free energy of dissociation AF.°, when the present invention, those agents with negative stan- 

a polypeptide dissociates from e.g. hexamers to dimers dard free energies. The Setschenow constants are help- 

or single-stranded subunits e.g. insulin in water. Often ful, however, in appreciating how the agent is useful, 

these different fragments can coexist in a series of equi- 20 The "sum" column of interaction with peptide linkages 

libria e.g. earthworm hemoglobin duodecamers, hexam- in the polypeptide plus the interaction with the hydro- 

ers, tetramers, dimers, and single fragments, at interme- phobic moieties is directly linked to the free energy 

diate concentrations of a pure solvent or one with a column by the Nernst equation. It is the peptide interac- 

dissociation agent such as propylurea or sodium per- tion number and the hydrophobic or "methylene" num- 

chlorate present. When such an added dissociation co- 25 ber, which show how a dissociation agent works, 
solvent is present there are two dissociation constants 

KfljpandKiMiF, where DW designates pure water and TABLE II 

DAW designates added agent and water. The interac- Setschenow Constants 

tion of the added agent and the polypeptide involves the For - f." 

binding constant Kb. 30 Agent For peptide -CH2— Sum cal/mole 

For polypeptides binding constant Kb is the summa- Sodium sulfate -0.013 o.oss 0.072 98 

tion of two terms: a polar component K/> related to the Potassium fluoride -0.027 0.05 0.023 31 

peptide bond — NHCOO— and a hydrophobic compo- Ethano1 +0-037 -0.014 0.023 31 

nent K H related to the average hydrophobic moiety P i °! tane „ . . +<»*» -° n ?> 3 «">" 2 \ 

-CHR- different from each aminoacid but averaga- 35 3^™° - - ZoZ la 

ble. The constant is related to energetics by the Nernst sodium bromide -0.037 0.025 -o!oi2 -16 

equation. So Calcium chloride -0.077 0.063 - 0.014 -19 

Sodium proprionate — — -0.017 -23 

F: DW =F.' DAW-mNRnKp+Kf&tel Urea -0.018 - 0.01 -0.028 - 38 

Sodium butyrate — — -0.038 -51 

when m is the number of fragments and N is the number 40 P™Py lur fa - ~ -0-047 -64 

of binding sites and [da] is the concentration of the J^JST -~o°073 — 100 

dissociation COSOlvent. Sodium perchlorate -0.097 0.021 -0.076 -104 

When a solid polypeptide is in contact with a well- Sodium iodide -0.087 o.oi -0.077 -105 
stirred solvent such as water for a long time (e.g. a Guanidine hydro- -0.061 -0.027 - 0.088 -120 
week) an equilibrium saturated solution is established: 45 cMoride 



K eq - RTinC sa , Urea, guanidine hydrochloride, or any other com- 

, , pound which has two negative parameters interact with 

When ano her compound is added to the water, such as the entire polype tide t0 disaggregate my quate rnary 

SS£?5 STSf^ 50 ~e and^erLps unfold £ Lond^structu^ 



established at equilibrium. This other value will nor- 
mally be different from C rar for pure water. The higher 
the concentration of the added agent, the higher (or 



This type of dissociating agent may be helpful in prac- 
ticing the present invention of delivering polypeptides 



lower) the saturated concentration of the polypeptide. ™ d ^ rom abo '? to ab ° ut J . 20 P e P tld _^ u 
When one graphs the log C sa , against the molarity of the 55 bloodstream of the patient. Sodium perchlorate, potas- 
added agent, a straight line is formed. The slope of this «um jodide and I the like interact so strongly with pep- 
straight line is known as the Setschenow constant for tlde bonds that thelr lack of mt eraction with hydropho- 
the agent. Since the equation above has a minus sign in blc linka S es of th e polypeptide does not appreciably 
it, those agents which aid solubility and dissociation, inhibit dissociation of the polypeptide. These agents 



e.g. urea, have a negative Setschenow constant, and 60 ma y be useful in practicing the present invention. Etha- 
those agents which decrease solubility and dissociation, nol > dioxane and other organics strongly react with the 
e.g. sodium or ammonium sulfate have positive Se- hydrophobic moieties, but not enough to overcome the 
tschenow constants. nonpolar nature of organic solvents. Data on ethanol 

diverges, however. Such agents have limited utility in 
Kj^-k^/2.303 65 practicing this invention. Agents which have two posi- 

tive components for their Setschenow constant and 
The Setschenow constant K has peptide and hydropho- hence a positive standard free energy of transfer do not 
bic components. The Setschew constant can be approxi- appear on Table II. 
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Electrophoresis is the transport of both solute and FIG. 1 shows generally drug applicator 10 compris- 

solvent in an electric field. Ionophoresis is the transport ing outer cover 12 having a raised portion 14 and an 

of charged ions by coulombic attraction/repulsion in an outer-edge lip 16 in contact with the skin 18 of the 

electric field. Electroosmosis is the transport of solvent patient. The layered structure of the drug applicator 10 

in an electric field. 5 can be any convenient and effective size or shape such 

Many workers in the prior art overemphasized iono- as rectangle, oval, circle, or splayed shape to fit crevices 
phoresis and underestimated electroosmosis in their at interfaces of body parts. The size of the applicator 
analysis of both the best modes for and problems associ- may range from about 10 cm 2 to about200 cm 2 depend- 
ated with transdermal delivery of drugs by electrolytic u»g on its use and the species, age, and size of the pa- 
means. In fact, the essence of transdermal, electric-pow- 10 tient. 

ered delivery of drugs is that control and maximization Applicator 10 often has generally a structure of hori- 

is central regardless of whether the drug is transported 20,1431 layers. The layer shown in FIG. 1 is that closest 

by coulombic attraction/repulsion or electroosmotic to tne skm 18 is an optional semipermeable membrane 

solvent streaming. In the present invention, unlike the 22 . through which the drug diffuses for deposition on 

prior art, Faraday's law is irrelevant. In many situations, 15 skin . 18 - Optional membrane 22 may be constructed of 

more drug is carried by electroosmosis than ionophore- semipermeable cellulose acetate, polyvinyl chloride), 

sis, so that the amount of charge or degree of isonization or regenerated cellulose. 

of the polypeptide is not important. Before the present Abov . e optional semipermeable membrane 22 is a 

invention this fact was not appreciated. Prior workers reservoir, region, or pouch 24 for holding the supply of 

attempted to improve ionophoresis by increasing 20 the dru S to be electrolytically delivered. Preferably 

charge density on the polypeptide by oxidation or hy- reservoir 24 defines a closed space and is flexible. Typi- 

drolysis. For this invention the value of charge density cal matenals "^d ln forming pouch 24 are rayon floe, 

on the drug does not control the dosage. polyurethane sponge, and hydrophilic adhesives. This 

Electronic conduction is the movement of electrons reservolr may ^f 0 °, f a hydrophilic gel. For 

in an electric field. Electrolytic conduction is the move- 25 Naming the polypeptide solution or suspension of the 

ment of ions in an electric field. Prior to the present P r 5f en ! ™tion reservoir 24 may range from about 

invention, many workers faded to communicate their ° ? t0 ab ° n ut 5 f M m volume, preferably about 0.15 

results well or to explain their ideas well because of f '° ab ° ut a9 , ml fo * ab ° ut a week s contlnual adlmmS " 

confusion regarding the flow of electrons and the flow m " 1C f n ° f a Polypeptide drug ,n amounts ranging from 

of ions. In the appUcator of the present invention, cur- 30 ab ° Ut 500 nan °g rams to f 1 "8 P? day depending on the 

rent flow in the'dectrodes is electronic and cuVrent Zu^T ^ °i ^ & ' P ' °l 

flow in the reservoir and through the skin is electro- W 1 ^,77 * T lmcro P orous en f? 

i^tio w ic «occiKu ♦„»,«,.„„ i ♦ • n 1 to transfer of the solvent, solution, or suspension of the 

Ko£ Z i t r^H f ° nS PO^PePtide by the electric field, but not so porous to 

£u2Tmedia ° F 35 MoW leakage of the or solution of the poly- 

tu 7 C 13 'i- *t. i . ■ , ■ peptide drug. The choice of whether or not to employ 

The values of the electrical vanables in the practice £ £ ona , semipermeable memb rane 22 is interrelated 

of the current invention m vivo arethose pertammg to ^ the choic P e of design wd materfal of reservoif 24 



electroosmosis not ionophoresis. The current density because their functions - Qver] 
may range from about 0.5 ua/cm 2 to about 1 ma/cm* m ^ next M her , afeove M is shown m 
preferably about 0.5 microampere/cm 2 to about 10 mi- mG _ j e J ended contact 26 which is efera . 
croampere/cm 2 rather than 1 nulliampere/cm 2 to 5 bly the lower face of batt 28 . Contact 26 pre P ferably 
mflhamperes/cm 2 values associated with ionophoresis. is flexible en0U gh to conform to the surface of the skin 
The voltage impressed for operating the applicator of md ^ so is e i ect ronically conductive. Preferred materi- 
the present invention ranges from about 1 to about 40 45 ds for contact 26 are electric-conducting polymers, 
volts rather than the 50 to 100 or more volts advisable carboni zed plastic films, or plastic surfaces loaded with 
for ionophoresis. Likewise the migratory flow of water bjgMy conductive powdered or solid carbon or graph- 
in an electrolytic field are the much higher values of ,t e 

about 0.001 ml/cmVhr to about 0.005 ml/cm 2 constant Battery 28 comprising the next layer may be made up 

of electroosmosis not the typical adventitious values for 50 of a group of cells internally connected in series to 

ionophoresis, following Faraday's law which impels obtain the desired voltage necessary to obtain the elec- 

only ions. trophoretic action with the particular polypeptide. Ori- 

It is highly preferred that the current density em- e „tation of battery 28 depends on the direction of end- 
ployed m the present mvention be low enough to pre- osmotic flow which is usually from the anode. With 
vent any irritation, reddening, inflammation, or ery- 5 5 regard to battery 28, it should be noted that any conven- 
thema m the skin of the patient. In addition to the poly- tional miniaturized battery cells now generally available 
peptide drug, there may be salts for physiological bal- can be employed, arranged and connected in series to 
ance, buffering agents, biocides, preservatives, disinfec- obtain the desired operating voltage. In addition, the 
tants, antibiotics, or other additives in the composition technology now exists for batteries made of thin, flexi- 
of the drug reservoir of the electrolytic transdermal 60 ble sheets of an electrically conductive polymer with 
device. high surface area relative to its thickness to provide 

It is sometimes useful to add chelating agents to the adequate current densities. One such so-called plastic 
drug. Some of the metal ions which may be associated battery is described in "Batteries Today", Autumn 
with the polypeptide are magnesium, zinc, copper, 1981, pages 10, 11, and 24. When such a battery is em- 
chromium, cobalt, nickel, iron, and manganese. Many 65 ployed, sheets may be layered to place the cells in series, 
conventional chelating agents may be employed such as and an effective compromise between number of sheets 
the salts of ethylenediaminetetraacetic acid (EDTA). and surface areas of sheets is achieved by layering them 
Other conventional chelating agents may also be used. diagonally, as shown somewhat schematically in FIG. 
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1. Of course, battery selection also depends on such The transdermal patch of the invention may include 

factors as the degree of conformability desired, voltage at least one polypeptide which is LH-RH analog further 

and current densities required for a specific application, comprising testosterone. Also, the transdermal patch of 

and time of discharge. the invention may include at least one polypeptide 

In FIG. 1, above battery 28 is electrical contact 32, 5 which is LH-RH analog further comprising Flutamide. 
which preferably is similar in design and material to In many cases it is preferred to add cosolvent/coso- 

electrical contact 26 and forms the opposite side of the lute molecules with negative Setschenow constants in 

battery. the polypeptide drugs of the present invention to facili- 

Cover 12 encloses all the previously listed layers of tate their transdermal delivery, as shown in Table II. 
drug applicator 10 and is made of flexible, conductive 10 Having described the inventive composition of poly- 
material such as a plastic polymer impregnated with peptide, water structure-breaking solute, and aqueous 
carbon, electrically conductive itself, or metallized on electrolyte and having described the preferred embodi- 
its surface. Insulating material 34 fills the space between ment of tne electrolytic drug applicator for transdermal 
the side walls of raised portion 14 and the various aque- delivery of polypeptides, we now illustrate the inven- 
ous layers containing electrolyte. Suitable insulating 15 tion m the following Examples. These Examples, how- 
materials are polyester, silicones, and any other drug- ever > 916 intended only to illustrate not limit the scope 
compatible plastics. Alternatively, a totally insulating of tne lnstant invention, which may be carried out by 
cover may envelope all of the working components ° thf f means and stm be covered b V the teachings of this 
previously named. disclosure. 

In order for drug applicator 10 to make good contact 20 EXAMPLE 1 

with and stick to the patient's skin 18 electrically-con- . . _ 

ductive adhesive 36 is applied under the edge of lip 16. , Example ulustrates the preparation of small 

Suitable conducting adhesive materials are those filled electrolytic transdermal devices with side-by-side reser- 

with powdered conductors such as carbon or graphite. „ w0 ™ ^ electrodes. Another posable design is that of 

It will be seen that the arrangement described above 25 a ^ted-photograph' with the drug reservoir anode 

forms a complete electric circuit from one side of bat- ^™^IG T frame " sha P ed cath ° de > - 

^^^^^iT^^^^i^ *"» « d e-by- S ide reservoirs and electrodes have a 

porous membrane 22, liquid reservou- 24, and tack to next the skm (Johnson & John c 

battery 28. Also the reservoir may be divided into 30 New NJ .). Tw ^ 0 matted rayon pads 

separate anode and cathode compartments with an msu- cmx8 a5 cm J t d b v . sh * d £ ter 

lator between and the battery m a separate compart- f]]m Q l ^ thick CQated ^ th Q y Q2 ^ J cQn _ 

m6 Jr- ... . , . ,. ducting graphite paint (Bertek Corp., St. Albans, Vt.) 

The electncal operation of the drug applicator may surrounding a central insulator of 0 . 2 ^ Mylar polyes- 
be carried out in many modes .incuding .that of uniform 35 ter fllm (du p ont Co Wilmington , Del.). The top sur- 
direct current. The impressed voltage from the power face of the ^ d graphitized olyester fllm is con . 
source may be pulsed with a wide vanety of pulse width nected t0 a 9 v battery ^ p ower Co Santa Anna> 
and frequency. A saw-tooth voltage or other types of ^ peri p hery of the felted reservoir pads and 

reversing, sinusoida^ or alternating voltage sources are e i ectrodes plus ^ bating band m the gauze base 
also within the disclosure of this invention. ^ between them is RTV silicone resin p ow Corning Ca> 

The types of batteries and their orientation are dis- Midland, Mich.). Surrounding the top and side of the 
? ?^ ,o mt t r ^ m , U ' S ' Pat N °- 4 ' 557 ' 723 wd device is surgical adhesive tape (Hy-Tape Surgical Ho- 
4,640,689. The types of circuits which may be employed siery Corp-) New Yo rk, N.Y.). Each of the reservoirs 
are also disclosed in various of the above-cited related can no i d 6 ml of aquesous fluid, 
applications. 45 

Table I shows some of the therapeutic polypeptides EXAMPLE 2 

with commercial or experimental status. The evolution- This Example illustrates the use of the present inven- 
ary relationships, aminoacid sequences, intra- and inter- t i on t0 deliver therapeutic amounts of an experimental 
relationships, structures, and activity of polypeptide linear polypeptide having about ten peptide units, useful 
hormones and drags are generally known and pub- 50 in the treatment of prostate cancer, compound DU A, a 
lished. The seventh edition of Goodman and Gilman's variant of leuprolide acetate. 

"The Pharmacological Basis of Therapeutics", Macmil- Four male subjects were fitted: two with large drug 
lan, New York, 1985 has relevant material. Also see applicators (9 cm by 13 cm) active area 37 cm 2 on the 
40th edition of "Physicians' Desk Reference", Medical chest, subjects A and B, and two with small drug appli- 
Economics Co., Oradell, N.J., 1986. 55 cat0 rs (5 cm by 13 cm) active area 1 1 cm 2 on the volar 

The present invention encompasses the electrolytic area of the arm, subjects C and D. The large applicators 
transdermal delivery of solutions and suspensions of the had reservoirs of 0.6 ml; the small 0. 15 ml. The solution 
numerous polypeptide drugs, hormones, agonists, secre- in the reservoir consisted of 10 percent polypeptide and 
tion inhibitors, and regulators of glucose metabolism, 1 percent urea. 

water regulation, CNS activity, growth, pain allevia- 60 The battery had a voltage of 9 volts: the current 
tion, blood pressure regulation, cancer alleviation, and density was 3.5 microamperes/cm 2 for the preparation 
other functions for molecules having from about three time of eight hours. During that time the polypeptide 
(cf. thyrotropin releasing hormone) to about 20 (cf. was transdermally transported to the extent of 200 mi- 
atriopeptin, said to be 21) peptide units. Without being crogr./hr for the large and 60 microgr./hr for the small 
limited by theory, it is believed that the primary mecha- 65 applicators. Blood analysis shows the amount and activ- 
nism for this electrolytic delivery is by electroosmosis, ity of the delivered hormone in the hormonal response 
not ionophoresis, as erroneously subscribed to by the to the delivery of the drug to the four subjects, as fol- 
scientific workers in the prior art. lows: 
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A a five-fold increase in 3 hrs., pressure of the five subjects having powdered patches is 

B a four-fold increase in 4 hrs., significantly lower than the average of the five controls. 

C a triple response in 5 hrs., Although the specification and Examples above de- 

D a 12-fold increase within 6 hrs. scribe aqueous media, the present invention is equally 

This stimulated response of the subjects is typical of a 5 applicable to nonaqueous media such as the injectable 

healthy, adult, male receiving therapeutic subcutaneous oils familiar to those skilled in the art, such as glycerine, 

bolus injection of this hormone. propylene glycol, benzyl alcohol, and the like. 

Many other embodiments of this invention will be 

Model Example 1 apparent to those skilled in the art, but such will be 

This Model Example illustrates the application of the 10 within the scope of Letters Patent based on the follow- 

present invention to the delivery of lypressin (Diapid, m S claims. 

Sandoz Co., East Hanover, NJ.) to the bloodstream of We claim: 

the patient. 1. A transdermal patch for delivering at least one 

Eight beagle dogs are employed. All of them are drag directly to the bloodstream of the patient compris- 

clipped on the back, washed with castille soap, and 15 m combination: 

fitted with the small animal electrolytic patches of Ex- ( a ) an active ingredient comprising at least one poly- 
ample 1, four of them without batteries. peptide having from three to 20 peptide units se- 

The drug reservoir of each patent contains 6 ml. lected from the group consisting of vasopressin, 

Diapid 50 U.S. Patent, 0.185 mg lypressin/ml. The re- lypressin, atriopeptin, oxytocin, desmopressin, a 

turn reservoir contains 0.9 percent saline. A current 20 dynorphin, leuprolide, an angiotensin, and mixtures 

regulator is set to deliver 10 ua/cm 2 thereof contained in a drug reservoir, and 

Over a period of ten days the total urine output of ^ electrolytic means for transdermal transport of the 
each dog is measured by standard techniques. It is found polypeptide characterized by a current density 
that the average total urine volume of the four dogs ;!" om about ° 2 " 5 microampere/cm 2 to about 1 mil- 
wearing the powdered device of the present invention is 25 taapm/cm, 

significantly lower than that of the average of the four whe J eby the of ±e P atlent 18 nelther ,rntated nor 

control dogs. erythematized. 

2. A transdermal patch as m claim 1, wherein the 

Model Example 2 polypeptide comprises vasopressin. 

This model example illustrates the use of the present 30 * A * r f sderma ? pa ! ch 38 m claim wherein the 

invention to delivery vasopressin for the treatment of P^Pf P lde «m»P™M ypressm. 

diabetes insipidus. * ' A tr j ansderma ? V*ch as in claim 1, wherein the 

without batteries. . 6. A transdermal patch as in claim 1, further compris- 

The drag reservoirs of the large electrolyte patches m m us so]vent for the polypeptide . 

contain 15 ml (300 umts) of Pitressm (Parke-aDavis Co 40 \ A patch M m ^further compris- 

Morns Plains, NJ.). The return reservoir contains 0.9 ■ a dissociating C o S0 lvent. 

percent saline buffered to P H 7.2 with ammonium hy- 8 . A transdermal patch M m claim 7> wherein the 

drogen phosphate. dissociating cosolvent is selected from the group con- 

Unne samples were taken from each subject three sisting of ^ ^derivatives of urea, guanidine salt, 

times per day for five days. It is found that the electrical 45 butan ol, 2-butanol, water-soluble amides with more 

conductivity of the unne of the subjects wearing the than three carbon atoms, sodium and potassium iodide, 

powdered Pitressm (vasopressin) electrolyte patches sodium perchlorate, sodium butyrate, and any other salt 

average significantly higher than that of the three con- with nega tive Setschenow constants 

trol subjects, showing higher electrolyte content. 9. A transdermal patch as in claim 1, further compris- 

Model Example 3 50 ™8 at least one compound selected from the group 

, .„ . consisting of buffering agents, chelating agents, antioxi- 

This Model Example illustrates the use of the present dants, preservatives, and biocides 

invention to deliver atrial natiuretic factor, atriopeptin, 10. A transdermal patch as in claim 6, further com- 

directly to the bloodstream of patients. pri^g a semipermeable membrane on the skin side of 

Ten adult female volunteers, diagnosed as having 55 the drug reservoir, 

hypertension, are chosen for this experiment. All are n. a transdermal patch as in claim 1, wherein at least 

fitted with the large-size electrolytic transdermal patch, one polypeptide is LH-RH analog further comprising 

as m Example 2. testosterone. 

The subjects are fitted with patches of the present 12. A transdermal patch as in claim 1, wherein at least 

invention having a drag reservoir containing 5 ml of a 60 one polypeptide is LH-RH analog further comprising 

0.01M solution of atriopeptin in 0.1M sodium perchlo- Flutamide. 

rate, a salt with negative Setschenow constants. Five 13. A transdermal patch as in claim 5, further corn- 
control patches have no batteries. The regulated power prising current controlling means whereby the current 
source is set to give a current density of about 10 density of the patch is from 0.5 microamperes/cm 2 to 
ua/cm 2 , delivering about 200 nanograms of drug per 65 about 10 microamperes/cm 2 . 

nour - 14. A transdermal patch for delivering at least one 

The blood pressure of the ten subjects is measured drag directly to the bloodstream of the patient compris- 

four times a day. It is found that the average blood ing in combination: 
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(a) an active ingredient comprising at least one non- cathode, a drug reservoir, and a barrier means between 
ionic polypeptide having from three to 20 peptide the electrodes. 

units contained in a drug reservoir, and 17- A transdermal patch as in claim 14, comprising an 

(b) electrolytic means for transdermal transport of the aqueous solvent for the nonionic polypeptide, 
nonionic polypeptide characterized by a current 5 lg A transdermal atch „ m claim 14> further com . 
density from about 0.5 nucroampere/cm^ to about ^ a{ ^ one from ^ 

1 milliampere/cm 2 , whereby the skin of the patient r ,. i . , , 

is neither irritated nor erythematized. of ^nng agents, chelating agents, antumdants, pre- 

15. A transdermal patch as in claim 14, wherein the natives, biocides, and dissociating cosolvents with a 
nonionic polypeptide is selected from the group consist- 10 negative Setschenow constant. 

ing of vasopressin, lypressin, atriopeptin, oxytocin, de- 19 - A transdermal patch as in claim 16, further com- 

smopression, leuprolide a dynorphin, an angiotensin, prising current controlling means whereby the current 

and mixtures thereof. density of the patch is from about 0.5 microam- 

16. A transdermal patch as in claim 14, wherein the pere/cm 2 to about 10 microamperes/cm 2 , 
electrolytic means comprises a battery, an anode, a 15 ***** 
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INTRODUCTION 



Gastrointestinal absorption of intact and biologically active peptides has been extensively 
studied in the last two decades. Previously it was generally believed that only free amino 
acids, after complete intestinal mtraluminal hydrolysis, could cross the intestinal mucosa and 
enter the circulation. 

However, in 1969 it was first demonstrated in animals (Matthews et al, 1969) and later in 
man (Adibi and Morse, 1971) that di- and tripeptides could undergo intestinal absorption 
by active mechanisms and that they were absorbed more rapidly than the free amino acids. 
These observations have interested scientists working with peptide and protein absorption 
(Matthews, 1975; Adibi and Kim, 1981; Gardner, 1994), hereditary intestinal deficiencies 
in amino acid transport (Asatoor et al, 1970; Silk et al, 1975), nutrition (Gardner 1984; 
Heyman and Desjeux, 1992) and immunology (Baintner 1986; Husby, 1988) and, more 
recently, peptide and protein drug delivery (Lee et al, 1991). 

Due to their poor absorption and susceptibility to enzymatic degradation in the 
gastrointestinal tract only a few peptides currendy employed in therapy are bioavailable after 
oral absorption such as cyclosporine (Wood et al, 1983; Sawchuck and Awni, 1986), 
octreotide (Kohler et al, 1987; Fricker and Drewe, 1995), TRH (Yokohama et al, 1984), 
tetragastrin (Jennewein et al, 191 A) and the dipeptide-like angiotensin-converting enzyme 
inhibitor, moexipril (Grass and Morehead, 1989). 

After administration a peptide is required to cross one or more biological barriers between 
the site of administration and the target receptor. There is sparse information on the 
gastrointestinal hydrolysis and disposition of such biologically active peptides as the 
neurohypophyseal hormones and their analogues. 

Most of the peptides used in our studies are biologically active and of therapeutic interest. 
AVP potentiates the responses of ACTH and Cortisol to corticotropin-releasing factor 
(Gillies et al, 1982; Lamberts et al, 1984) and dDAVP is used as long-term substitution 
therapy in hypothalamic diabetes insipidus and has lately found a number of additional 
therapeutic applications. Oxytocin is used for the induction of labor and to stimulate 
lactation. An oxytocin antagonist, antocin (atosiban), has been developed to prevent 
premature labor (Akerlund et al 1987; Melin and Trojnar, 1988; Andersen et al 1989; 
Goodwin et al, 1994) and carbetocin promotes milk ejection in pigs (Barth et al, 1976). 
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Pharmacology of vasopressin/dDAVP 

The principal neurohypophyseal hormones, two cyclic nonapeptides, vasopressin (VP) and 
oxytocin were identified from extracts of the posterior pituitary gland a century ago (Oliver 
and Schafer, 1895; Howell, 1898). In the past three decades, over fifty other peptides have 
been identified and characterized in the mammalian neurohypophysis. Their concentrations 
are very low, and their functions almost unknown (O'Donohue and Kiss, 1987). 

While no known disease is associated with oxytocin deficiency, central or neurogenic 
diabetes insipidus (DI), a chronic state of polyuria and polydipsia first described by Frank 
in 1794 and further characterized by Frank in 1912 (not the same author), is due to absent 
or impaired production or secretion of vasopressin in the hypothalamic paraventricular and 
supraoptic nuclei or to blocked transportation to the nerve endings of the posterior pituitary 
gland (Robinson and Verbalis, 1985). 

Vasopressin is synthesized as a peptide pre-prohormone, which is split to produce 
vasopressin, neurophysin II and glucoprotein (Richter and Schmale, 1985). The gene 
encoding vasopressin has been isolated and cloned, and is located on chromosome 20, close 
to the gene encoding oxytocin (Sausville et ai, 1985). 

Initially, diabetes insipidus patients were treated by substitution therapy with vasopressin 
given as posterior pituitary extracts administered subcutaneously (Farini, 1913; von den 
Velden, 1913; Kamm era/., 1928). Subsequently intranasal administration was shown to be 
effective but limited by simultaneous oxytocic activity in the preparation (Blumgart, 1922). 
Although synthetic vasopressin is devoid of these effects (Chirman and Kinsell, 1964; 
Moses, 1964) nevertheless it still has numerous extrarenal actions. These manifest 
themselves as side effects and, moreover, vasopressin must be given in high doses because 
of its short plasma half-life. 

Apart from its antidiuretic activity (V 2 receptors) vasopressin contracts smooth muscle cells 
via V, receptors in intestinal wall and blood vessels. Moreover, vasopressin exerts a 
contractile effect on the myometrium and potentiates corticotropin-releasing factor-mediated 
release of ACTH (Baertschi et ai, 1983; Rivier and Vale, 1983). Furthermore, vasopressin 
increases the release of coagulation factor VIII (Haslam and Rosson, 1972) and tissue 
plasminogen activity (Manucci et ai 1975). 
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Mpa [ Tyr | Phe | Gin | Asn [ Cys | Pro | D-Arg | GlyNH^] dDAVP 
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Pro 
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GlyNH 2 
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Leu 





Arginine vasopressin 
Lysine vasopressin 
Oxytocin 



Fig 1. Amino acid sequence of neurohypophyseal hormones (lower panel) and l-deamino- 
8-D-arginine vasopressin (dDAVP, upper panel). Mpa = fi-Mercaptopropionic acid, 
l-deamino-cystein. 

AVP and oxytocin have in common seven of their nine amino acids and a hexapeptide ring 
closed by a disulphide bond between cysteine residues at position 1 and 6. 



When du Vigneaud et al. in 1954 discovered the chemical structure of vasopressin (Fig 1), 
arginine vasopressin (AVP) in humans and most other species and lysine vasopressin (LVP) 
in the pig, it also became possible to synthesize analogues of the peptide. l-deamino-8-D- 
arginine vasopressin (dDAVP) was first synthesized by Zaoral et al. in 1967 with the aim 
to increase the ratio between antidiuretic and vasopressor activities by modification of two 
critical sites of the molecule. dDAVP is distinguished from vasopressin by two structural 
changes: deamination of the hemicystine at the N-terminal of the molecule enhances the 
antidiuretic activity, and substitution of L-Arg at position 8 with the enantiomer D-Arg 
decreases pressor potency (Fig 1). Additionally, these structural changes have made this V 2 
receptor agonist (Jard, 1985) more resistant to enzymatic degradation by amino- and 
carboxypeptidases and result in prolongation of the antidiuretic effect (Edwards et al, 1973; 
Seif et al, 1978; Shimizu et al, 1980). 

Biological activities and clinical use of dDAVP 

Table 1 shows the biological activities of dDAVP in comparison with vasopressin and some 
analogues. Each molecular modification causes an increase in the ratio between antidiuretic 
and vasopressor effect. A combination of two modifications results not only in a synergistic 
increase of the ratio, but also in an important enhancement of the antidiuretic effect of the 
parent molecule. 
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Table 1: Biological potencies of vasopressin and related analogues (AD = antidiuretic, 
P = pressor). 







Activity 


Ratio 




AD (IU/jiraol) 


P (IU/nmol) 


AD/P 


Vasopressin 


450 


450 


1.0 


1-deamino-VP 


1300 


370 


3.5 


8-D-arginine VP 


114 


4 


28 


dDAVP 


1200 


0.5 


2400 



Numerous studies have confirmed the superiority of dDAVP in the treatment of central or 
neurogenic diabetes insipidus in both adults (Vavra et al, 1968; Andersson and Arner, 
1972; Edwards et al, 1973) and children (Aronson et al, 1973; Becker and Foley, 1981) 
because of its prolonged antidiuretic effect and lack of side effects. The most prevalent route 
of administration is the intranasal (i.n.). Children and adult patients usually require 5 - 20 
\lg dDAVP intranasally once or twice daily (Robinson, 1976) and infants are treated with 
smaller doses ranging from 1 to 15 p.g once or twice a day (Kauli et al, 1985). 

dDAVP is furthermore used diagnostically as a test of renal concentrating function (Aronson 
and Svenningsen, 1974; Tuvemo, 1978; Curtis and Donovan, 1979). The antidiuretic activity 
of dDAVP has also resulted in its use in nocturnal enuresis in children (Dimson, 1986; 
Fjellestad-Paulsen et al, 1987) and in nocturia in adults (Hilton and Stanton, 1982). 

Other clinical applications of dDAVP include its use to increase the yield of factor VIII in 
blood donors (Manucci et al, 1975; Nilsson et al, 1979; Vilhardt and Nilsson, 1981; 
Mikaelsson et al, 1982), in the treatment of mild hemophilia A and von Willebrand disease 
(Mannucci et al, 1977; Ruggeri et al, 1982; Lethagen, 1992) and in patients undergoing 
cardiac surgery to reduce early postoperative bleeding (Salzman et al, 1986; Andersson et 
al 1990). 

In this thesis, the discussion of the pharmacology of dDAVP will be limited to its antidiuretic 
effecf. 
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Routes of administration of dDAVP 

Intravenous and subcutaneous administration 
In diabetes insipidus patients dDAVP can be administered as an intravenous (i.v.) bolus dose 
of 2 pg with optimal antidiuretic effect (Andersson and Arner, 1972; Edwards el al, 1973). 
Subcutaneous (s.c.) injection of dDAVP may be useful in the treatment of diabetes insipidus 
patients (Moses et al, 1981) or in the assessment of renal concentration capacity (Tryding 
et al, 1987). In these studies on the antidiuretic effect, 2 pg given subcutaneously or i.v. 
were equivalent to 20 pg administered i.n. 

Intravenous doses as high as 16 p. g dDAVP have been given in one study without causing 
side effects such as pressor reactions (Andersson et al., 1972) and even with higher doses 
0.3 - 0.4 pg/kg in healthy volunteers or in patients with von Willebrand's disease no or 
minor adverse reactions (facial flush) have been reported (Lethagen, 1992). 

Intranasal administration 
The molecular weight of dDAVP (1069) is sufficiently low to permit passage through the 
nasal mucosa. Therefore, a traditional way of administration of dDAVP is intranasal, either 
by drops, through a calibrated "rhinyle" catheter or, more recently by a metered-dose nasal 
spray or a single-dose pipette. / 

Sublingual administration 
An adequate antidiuretic effect of 10 - 12 h with a gelatin-based sublingual lozenge 
containing 20 pg dDAVP has been reported (Grossman et al., 1980) in diabetes insipidus 
patients. A similar effect was seen in 18 diabetes insipidus patients with a sublingual tablet 
containing 30 pg (Laczi et al., 1980). 

Oral administration 

Vilhardt and Bie showed in 1983, in water loaded conscious dogs, that oral administration 
of AVP and dDAVP was followed by an antidiuretic response and concomitant increase in 
urine osmolality. dDAVP was about 10 times as potent as AVP, on an equimolar base. 
A dose-dependent antidiuretic effect after oral administration of dDAVP was demonstrated 
1984 in hydrated humans (Vilhardt and Bie, 1984) and in 1985 Hammer and Vilhardt 
showed further the efficacy of oral dDAVP given as tablets in nine adult diabetes insipidus 
patients. 

In an initial dose ranging study we could establish the feasibility and effectiveness of oral 
treatment in 10 diabetes insipidus children aged 3 to 15.5 years (Fjellestad and Czernichow, 
1986). 
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Other routes of administration 
A new method for transdermal drug delivery through de-epithelialized skin prepared by 
suction showed a bioavailability in volunteers corresponding to that after i.v. administration 
(Svedman et al, 1991; Lundin et al, 1995). 

In the lung high amounts of dDAVP were shown to be absorbed in rats and pigs after 
aerosol exposure and intratracheal instillation (Folkesson et al, 1990; 1992). 
In rats, 25 - 50% of a dDAVP dose that gives an adequate antidiuretic effect after oral 
administration is effective after rectal administration (Saffran et al, 1988). Dogs with 
diabetes insipidus have been treated with topical ocular administration of dDAVP 
(Schwartz-Porsche, 1980). 

Bioavailability of neurohypophyseal hormones and their analogues 

Depending on various factors, such as the physiochemical characteristics of the peptide, its 
molecular weight and the type of delivery system and the galenic formulation, the 
bioavailability of 10 - 20 amino acid peptides in general, given intranasally, varies between 
1 and 12% (Hussain et al, 1985; Sandow and Petri, 1985; Harris, 1986; Su, 1986). 
In one of the earliest studies on dDAVP the bioavailability of i.n. dDAVP in DI patients was 
estimated to be 10 - 20% by comparing the antidiuretic effect after i.n. and i.v. 
administration (Andersson and Amer, 1972). In a more recent study, using a 
radioimmunoassay with an antiserum raised specifically against dDAVP, the area under the 
curve (AUC) of plasma dDAVP after i.n. and oral administration in 6 healthy males was 
assessed against the plasma clearance after an i.v. dDAVP infusion (Vilhardt and Lundin, 
1986a). In this study the bioavailability was 10% after i.n. administration and 1 % after oral 
administration. 

Kohler and Harris (1988) compared the i.v., subcutaneous and i.n. administration of dDAVP 
in man and found a bioavailability as low as 2% after i.n. administration. In this study the 
i.n. administration was done with a simple dose pipette. 

Few studies are available of oxytocin and its analogues. Dawood showed in 1980 increased 
plasma concentrations of oxytocin in pregnant women and healthy male subjects after oral 
absorption of oxytocin. Pharmacokinetic properties of antiuterotonic oxytocin analogues 
have been assessed in rats (Lundin et al, 1993b) and in healthy volunteers (Lundin et al, 
1993a) after i.v. administration. 

Barriers to absorption 

In the following studies, intestinal absorption is defined as the process which describes the 
uptake into the intestinal mucosa. Bioavailability, on the other hand, is defined here as the 
fraction of the administered dose to the gut lumen that is absorbed by the intestinal 
epithelium and reaches the systemic circulation in an intact form. 
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Numerous factors influence the absorption of a substance, e.g. physiochemical factors such 
as solubility, stability, pKa and molecular size and physiological factors such as luminal 
pH, intestinal epithelial permeability and drug metabolism. 

Histology 

Facing the inside of the small intestine is the tunica mucosa with an epithelial cell layer one 
cell thick, the lamina propria and the epithelium of the capillaries. 
The luminal surface area is amplified by the plicae circulares, large folds of the mucosa 
with leaf- or finger-shaped villi creating the crypt structure. The area is further magnified by 
microvilli or brush-border (Fig 2), increasing the apical surface approximately 14 - 40 fold 
to a total area of 200 m 2 . The epithelium lining the villi contains different cell types deriving 
from multipotent stem cells located in the crypts, the absorptive cells or enterocytes, mucus- 
secreting goblet cells, endocrine epithelial cells, and specialized cells such as tuft cells, M- 
cells and cup cells (Madara and Trier, 1994). 

The absorptive cells are highly polarized by a junctional zone that sharply delineates the 
apical membrane from the basolateral membrane and their general structure resembles other 
epithelial cells with transport functions, such as colonic or renal tubular cells. The apical 
plasma membrane has a high protein-to-lipid ratio of 1.7 to 1 (Madara and Trier, 1994). 
Hydrolytic enzymes and transport proteins essential for degradation and absorption are 
present in this part of the cell membrane. The epithelial cells are joined at the apical part of 
the lateral cell membranes through the epithelial junctions, tight junctions (Fig 2) or 
"Zonula occludens" (Madara and Trier, 1994). 

Proteolytic activity 

Orally ingested peptides undergo degradation by pepsin in the stomach (Taylor, 1968) 
followed by hydrolysis, essentially by the pancreatic proteases in the lumen: trypsin, 
chymotrypsin and elastase cleave polypeptide substrate at interior sites of the molecule, 
liberating peptides. These enzymes are called endopeptidases (Keller, 1968). 
On the other hand, exopeptidases attack either the carboxyterminal or aminoterminal 
liberating amino acids (Neurath and Walsh, 1976). Pancreatic juice is rich in 
carboxypeptidases but contains only a trace of aminopeptidase activity. The hydrolysis of 
oligopeptidases requires aminopeptidases found in the brush border of the intestinal 
epithelium (Adibi and Kim, 1981; Kenny and Maroux, 1982). 

Tetrapeptides and longer peptides are hydrolyzed by aminopeptidases of the brush border 
while cytoplasmic enzymes generally hydrolyze di- and tripeptides. Peptidases found in the 
brush border layer of the intestinal epithelium include aminooligopeptidases, aminopeptidase 
A and N, angiotensinase, dipeptidase I and III, tripeptidase and carboxypeptidase A (Appel, 
1974). Cytoplasmic peptidases are found in the cytosol, such as postproline endopeptidase 
(Walter and Simmons, 1977); aminotripeptidase, prolidase (Ganapathy et al, 1984) and also 
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endopeptidase-24.1 1 (Kerr and Kenny, 1974) and those found in the lysosomes, for example, 
the cathepsins. 

Methods in the study of intestinal transport and metabolism 
In Vitro systems, Examples are the everted intestinal sac, the Ussing chamber model, isolated 
membranes of mucosal epithelia and more recently methods for culturing epithelial cell lines 
on porous filter matrices. The most common cell line consist of human intestinal cells 
derived from a colon carcinoma, Caco-2 cells. The proteolytic activity in different mucosal 
tissues can further be assessed by incubating a peptide in mucosal tissue homogenates, 
isolated microvilli brush border membranes or plasma membranes (Booth and Kenny, 1974) 
(Study I and II, Fig 3 and Fig 4). 

In Situ systems. Perfusion disappearance studies can be done in segments or loops of the 
intestine in animals, the tied loop in anaesthetized animals or the permanently isolated loop 
in freely moving animals. 

In VIVO systems. Intestinal mucosal transport can also be investigated in vivo. The drug or 
peptide is administered orally or intragastrically to animals or humans and an indicator of 
absorption is monitored. Biological activity can be assessed or the rate of absorption and 
bioavailability can be estimated in blood and/or urine by drug concentration determination 
and subsequent pharmacokinetic data analysis. 

Interpreting the results from these methods is complicated by several factors which influence 
the absorption from the intestine to the general circulation such as the composition and 
osmolarity of the luminal contents, the intestinal transit time and renal clearance. 
Consequently, a combination of techniques may be necessary. 

Zimmer et al. described in 1981 a method for studies of drug absorption from different 
regions of the intestinal tract using capsules. This method however necessitates repealed X- 
ray examinations and there are problems with the loading of the capsule. In two of our 
studies (IV, V) we have therefore utilized an alternative method, the so called intestinal 
perfusion technique previously utilized by several investigators (Borgstrom, 1957; Cooper 
et al, 1966; Miller and Schedl, 1970; Rambaud et al, 1981). A multichannel tube is 
introduced through the mouth, or, as in our studies, via one nostril and is thereafter 
positioned at different levels in the gastrointestinal tract. The use of a non-absorbable 
volume marker makes the technique more quantitative. 
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Mechanisms for peptide transport across the intestinal epithelium 
The concept of peptide uptake after ingestion of dietary proteins or peptides has been 
reflected on several times during the last 60 - 70 years. For review of the historical aspects 
of protein and peptide absorption see Matthews 1975, Adibi and Kim 1981 and more 
recently Matthews 1991. 

For many years it was generally believed that only free amino acids could cross the intestinal 
mucosa before entering the general circulation. In two independent laboratories it was 
discovered that di- and tri-peptides could undergo transmucosal uptake more rapidly than 
free amino acids (Craft et al., 1968; Adibi and Phillips, 1968). Subsequently, it was 
demonstrated that peptides with more than three Gly residues were unsuited for transcellular 
active transport (Adibi and Morse, 1977). Initially, peptide transport studies were performed 
with peptides such as Gly-Gly, P-Ala-L-His and Gly-Sar-Sar resistant to intracellular 
hydrolysis (for review see Matthews, 1975; Matthews, 1991). The transport mechanism was 
considered to be active when the mucosa - to - serosa flux of these peptides was inhibited by 
metabolic inhibitors, Na + depletion and hypoxia. The kinetics of these peptides were further 
shown to be saturable. 

Short amino acid chains, up to tetrapeptides, cross the epithelial cell of the brush border 
membranes mainly by active carrier-mediated transport mechanisms (Fig 2 and Ganapathy 
etal, 1994). An intestinal peptide transporter has also recently been cloned and was shown 
to transport peptides not larger than four amino acids (Dantzig et al., 1994; Fei et al., 1994). 
Larger peptides, on the other hand, are absorbed passively probably via both paracellular and 
transcellular routes (Gardner, 1994). 

An octapeptide composed of D amino acids was found to be absorbed from the intestinal 
tract in rats drinking high concentrated glucose solutions containing the peptide 
(Pappenheimer et al., 1994). Other in vivo studies have shown similar results suggesting that 
an active transepithelial flux, of for example, glucose increases the absorption of peptides 
(Atisook and Madara, 1991; Fricker and Drewe, 1995). This theory of solvent drug-driven 
solute transport is, however, controversial. 
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The current view of peptide transport routes and mechanisms across the intestinal epithelium 
has recently been reviewed by Gardner (1994) and is presented in Fig 2. 
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Fig 2. Schematic illustration of a single layer of mucosal epithelial cells acting as a physical 
barrier between the external environment and the milieu interieur. 
Proteolytic activity is indicated by the symbols ♦ : proteolytic enzymes of the pancreas 
(A: luminal hydrolysis, B: brush border membrane adherent) C, brush border peptidases; 
D, cytoplasmic peptidases; E, lysosomal proteases; F, post-absorptive peptidase activity. 

Amino acid and peptide transport by intracellular route (X) with hydrolysis at sites B and D 
have been extensively studied and characterized (for review see Ganapathy et al., 1994). 
The trans- or intracellular route (X to Z) entails; © a lipophilic route, often inaccessible 
to many peptides because of their low lipophilicity, is probably the route for microemulsion 
absorption enhancers. © a hydrophilic route through aqueous channels or pores whose 
existence is still hypothetical. 

Routes 1 + 2 are non-saturable, with diffusion-mediated transport. © a receptor-mediated 
endocytotic (RME) route (for large peptides) with formation of phagolysosomes after 
interaction with lysosomes (E) followed by © exocytosis © a carrier-mediated active and 
saturable route for small peptides. The inter- or paracellular route (Y to W) involves 
passage through the tight junctions or "Zonula occludens". 
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Intestinal absorption of neurohypophyseal hormones and their analogues 

Oral dDAVP elicited sustained antidiuresis in water-loaded rats (Vavra et ai, 1974; Matsui 

et ai, 1985). Oral dDAVP given in drinking water was effective in homozygous Brattleboro 

rats deficient in AVP, as shown by increase of urinary osmolality (U-osM) and decrease of 

urinary volume in a dose dependent manner (Kinter and Beeuwkes, 1982). In 1983 Vilhardt 

and Bie showed (Vilhardt and Bie, 1983) an antidiuretic response in conscious dogs after 

intragastric administration to AVP and to a greater extent to dDAVP. 

Soon thereafter this was confirmed in hydrated humans (Vilhardt and Bie, 1984) and in 

patients with diabetes insipidus (Hammer and Vilhardt, 1985). 

In 1985 Lundin and coworkers described a specific dDAVP radioimmunoassay (RIA), 
demonstrating the appearance of intact dDAVP in plasma after intragastric administration 
in rats. Since then, more precise pharmacokinetic studies in animals and in humans on 
intestinal absorption of dDAVP have been possible. 

In an in vitro transport study using an everted intestinal sac of the rat, AVP, oxytocin and 
their analogues were identified by specific RIA methods and by quantitative high 
performance liquid chromatography (HPLC) (Vilhardt and Lundin, 1986b). The transport 
rate was highest for dDAVP and it was concluded that the mechanism of transportation was 
passive diffusion. 

Only a limited number of studies describe the oral absorption of oxytocin and its analogues. 
In 1980 Dawood showed increased plasma concentrations of oxytocin in pregnant women 
and healthy volunteers after oral administration of oxytocin. In a recent in vitro study of 
oxytocin and analogues in rats, on intestinal transport through the mucosa Lundin et at. 
(1991) showed that these peptides had a higher transport rale across the distal intestinal 
segment compared with the proximal segment. 

This is in accordance with previous in vivo studies in rabbits where dDAVP was absorbed 
to a higher extent from the ileocoecal segment of the intestine (Lundin and Vilhardt, 1986). 
This is also in agreement with two in vitro/in vivo studies in the rat (Lundin et ai, 1990; 
Pantzarefa/., 1995). 
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Metabolism and elimination of dDAVP/AVP 

Plasma concentrations of dDAVP measured after an i.v. bolus injection in DI patients 
showed half-lives of elimination ranging between 51 (Edwards et al, 1973) and 158 minutes 
(Pullan et al, 1978) but these studies were performed with a non specific AVP or LVP 
antiserum to measure plasma dDAVP. In comparison, half-lives after injection of AVP or 
LVP were much shorter, 3 to 24 minutes (Edwards et al, 1973; Pullan et al, 1978; Seif et 
al, 1978; Shimizu et al, 1980). Using a specific RIA with an antiserum against 8-D- 
arginine vasopressin, Vilhardt et al. (1986) found a plasma half-life of 55 min in healthy 
volunteers after a bolus injection of 5 \ig dDAVP. 

There is scant information on the metabolic fate of the neurohypophyseal hormones and even 
less on their synthetic analogues. Most studies have been carried out in experimental animals 
and practically no data are available in man. The distribution of tritium-labelled AVP 
(Janaky et al, 1982) and dDAVP (Laszlo et al, 1981) has been investigated in the rat. The 
radioactivity was found mainly in the small intestine, kidney and liver and, essentially for 
AVP, also in the adenohypophysis. The main organs for metabolism and elimination for 
AVP and oxytocin are the liver and the kidney (Walter and Bowman, 1973; Lauson, 1974; 
Walter and Shlank, 1975). When AVP and OT, labelled with 14 C in the glycine residue, were 
added to isolated perfused rat kidney, the urinary excretion of glycinamide amounted to 60% 
and 85% of the total radioactivity respectively (Walter and Bowman, 1973). 
An in vitro inactivation study using rat kidney and liver homogenates showed that 70% of 
the AVP was inactivated at 30 min, while no more than 20% of the dDAVP was inactivated 
by the liver homogenate, and very little by the kidney homogenate (Shimizu et al, 1980). 
Proposed mechanisms of hormone degradation have been forwarded (Pliska and Rudinger, 
1976; Walter and Simmons, 1977; Shimizu et al, 1980) and Carone et al showed in 1987 
that AVP was metabolized both by isolated brush border membranes and by a cortical 
lysosomal fraction, which in vitro required the presence of reduced glutathione as a cofaclor. 
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AIMS OF THE PRESENT INVESTIGATION 



The general aim of this investigation was to study the absorption and metabolism of 
neurohypophyseal hormones, especially l-deamino-8-D-arginine vasopressin (dDAVP) in 
human tissue, in healthy humans and in patients with diabetes insipidus in order to better 
understand the factors influencing their oral bioavailability. 

The specific aims were as follows: 

to study the stability of vasopressin, oxytocin and some of their synthetic analogues in 
human intestinal contents and brush border membranes from the gastrointestinal tract and 
to evaluate the relative importance of luminal proteolysis. 

to investigate the metabolism of vasopressin, oxytocin and some of their analogues by 
human renal microvilli brush border membranes and human liver membranes. 

to compare the pharmacokinetics of dDAVP after different routes of administration in 
healthy volunteers. 

to assess the absolute bioavailability of dDAVP at various sites in the gastrointestinal tract 
in man and also to identify a possible site of preferential absorption. 

to evaluate the proteolytic effect of intestinal enzymes on dDAVP in healthy humans. 



to compare the antidiuretic activity after intranasal and oral dDAVP in paediatric central 
diabetes insipidus patients. 



MATERIALS AND METHODS 



Subjects 

Healthy volunteers 

Study la Collection of gastric juice and intestinal contents: 4 healthy male volunteers, 
20 - 32 years old. 

Study III Comparison between i.v., subcutaneous, i.n., oral, sublingual and rectal 
dDAVP: 8 healthy humans (4 females, 4 males), 20 - 57 years old. 

Study IV dDAVP administered to six different regions of the gastrointestinal tract: 6 
healthy male volunteers, 24 to 35 years old. 

Study V Absorption of dDAVP from the small intestine with and without an enzyme 

inhibitor: 6 healthy male humans, 19 to 34 years old. 

Diabetes insipidus patients 

Study VI Comparison between intranasal and oral dDAVP: 10 patients (7 boys, 3 
girls), 4.5 to 19 years old with central diabetes insipidus of various etiology. 
Diagnosis of diabetes insipidus was established according to usual criteria 
(Czernichow et al., 1985): hypotonic polyuria after a 14-h overnight 
dehydration test and increase of urine osmolality above 800 mosM/kg after 
an intranasal dDAVP test. The characteristics of the patients are given in 
Table 2. Six of the patients had previously been treated orally for more than 
18 months. 
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Peptides and chemicals 

The following peptides were used in studies I + II: 

Arginine vasopressin (A VP) and analogues, l-deamino-8-D-arginine vasopressin acetate 
(dDAVP) and desGly-dDAVP. Oxytocin and analogues: [Mpa 1 , D-Tyr (Et) 2 , Thr\ Orn 8 ]- 
oxytocin (antocin, atosiban), CAP-OH, 8-D-Arg-CAP, desGly-CAP, DesGly-NH 2 -CAP, 6- 
Carba-desGly-CAP and carbetocin (Fig 6). All peptides were synthetized by solid-phase 
(Ferring Pharmaceuticals) and had a chromatographic purity of > 98%. A wide spectrum 
proteinase inhibitor, aprotinin, was obtained from Boehringer Mannheim (study I) and from 
Hoechst laboratories (study V). A reduced form of glutathione was obtained from Sigma and 
used in study I + II. A specific chymotrypsin inhibitor, chymostatin, was purchased from 
Sigma (study I). 

For s.c. (study III) and i.v. administration (study III, IV, V) the commercially available 
dDAVP solution containing 4 pg/ml was employed. For intranasal and sublingual 
administration (study III), a metered nasal spray, 10 pg/dose, was utilized and in study VI 
the intranasal solution contained 100 pg/ml and was given with a calibrated rhinyle catheter. 
Oral administration was conducted in study III and VI with tablets containing 200 pg of 
dDAVP per tablet. For gastrointestinal application lyophilized dDAVP with a 
chromatographic purity higher than 99% was used (study IV + V). For rectal application 
(study III) methylcellulose grade 1500 AKLPM was employed as a vehicle. 

Laboratory methods and equipment for investigation in vitro and in vivo 

Analytical methods 

Plasma-dDAVP was measured after extraction with a method highly specific for dDAVP 
(Lundin et al., 1985) using an antiserum raised in Dutch rabbits against 8-D-arginine 
vasopressin. Urinary dDAVP was measured with the same method in study IV (Van de 
Heyning et al., 1991) and without extraction in study ID. Urine and plasma osmolalities were 
measured using an osmometer (Advanced Osmometer study VI, advanced Microosmometer 
Mod 3MO study IV, osmometer Svenska labex study HI). Peptide degradation products were 
identified by HPLC employing a Varian apparatus (study I) or a Kontron pump (study I + 
II) equipped with an autosampler, UV-detector and integrator. Mobile phases were filtered 
through 0.45 pm filters (Schleicher & Schuell). The bound peptides were eluted isocratically 
in a system of acetonitrile containing 0.1% trifluoroacetic acid. A flow rate of 1 ml/min was 
used with UV detection at 220 nm. For amino-acid analysis (study II) fractionated samples 
from the HPLC of AVP and oxytocin were used without prior reduction or alkylation. 
Sequence data were obtained on an automated pulsed-liquid sequencer. 
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Preparation of human brush border and plasma membranes 



Collection of human tissue (1, 11). Small fractions (10 x 30 mm) of intestinal epithelium 
were obtained from the stomach, the proximal segment of the jejunum and the distal part of 
the ileum, from the proximal segment of the colon and from the rectum in patients 
undergoing surgery for localized tumours. 

Kidney tissue was obtained from one male patient undergoing nephrectomy because of 
unilateral adenocarcinoma. The kidney was immediately bisected and chilled on ice after 
removal. Cortical tissue was dissected free from tumour, medulla, connective tissue and fat. 
Liver tissue was obtained from a male person who had died in an automobile accident. The 
tissues were stored frozen at -70°C until required. 

Intestinal microvilli brush border membranes (I) 

Microvilli brush border membranes from ileum and jejunum were prepared according to a 
method described by Booth and Kenny (1974) and Fig 3 gives a schematic illustration. 
Briefly, the frozen intestinal tissue specimens were thawed at room temperature and the 
mucosal layer was scraped off and immersed in ice-cold isotonic saline. 
Solid MgCl 2 was added and the intestinal homogenale was centrifuged at 4*C at 1 500 x g 
for 15 minutes and thereafter the supernatant (S,) was centrifuged 15 000 x g for 15 min. 
The microvilli brush border membranes were obtained after centrifuging the 2 200 x g 
supernatant (S 3 ) at 15 000 x g for 15 minutes. The final pellet (P 4 ) was suspended in ice-cold 
Mannitol Tris HC1, homogenized and stored in aliquots at -70°C until used. 
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Fig 3. Flow-chart for preparation of human intestinal microvilli brush border membranes 
from jejunum and ileum. 



Jejunal or ileal tissues 
homogenized in 20 ml Mannitol (10 mM) 
with 2 mM Tris HC1 and solid MgCl 2 
(pH7.10,4°C,3x9s) 



Centrifuge 15 min, 1 500 x g 



Pellet (P,) 



Supernatant (S,) 

Centrifuge 15 min, 15 000 x g 



Pellet (Pj) 



Supernatant (S 2 ) 



Resuspension in 20 ml of 

Mannitol Tris MgCl 2 added as before 

to 10 mM concentration 

Centrifuge 15 min, 2 200 x g 



Pellet (P 3 ) 



Supernatant (S 3 ) 

Centrifuge 15 min, 15 000 x g 
Supernatant (S 4 ) 



Pellet (P 4 ) 

Resuspended in 5 ml Mannitol Tris HC1 



Membranes in aliquots stored at -70°C 
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Plasma membranes from stomach and colon were obtained after ultracentrifuging the 
2 000 x g supernatant at 100 000 x g twice for 45 minutes. 

Plasma membranes from rectum were obtained after centrifugation twice at 48 000 x g for 
2 hours. 



Renal microvilli brush border membranes (II) 

Microvilli brush border membranes from human kidney were essentially prepared as 
described for intestinal brush border membranes (Booth and Kenny, 1974). 

Liver preparations (II) 

Liver membranes were prepared according to a method described by Postel-Vinay et al. 
(1989). Plasma membranes were obtained after ultracentrifuging the 9 000 x g supernatant 
at 100 000 x g twice for 60 minutes. A schematic illustration is given in Fig 4. Crude liver 
homogenate was directly ultracentrifuged twice at 100 000 x g for 60 minutes. 

Fig 4. Flow-chart for preparation of human liver plasma-membranes. 



Liver tissue 

homogenized in 10 mM Tris with 
0.5M NaCl at pH 7.40 



Pellet (P,) - 



Pellet (P 2 ) - 



Centrifuge 9 000 x g, 30 minutes 
Supernatant (S,) 

Centrifuge 100 000 x g, 60 minutes 



Supernatant (S 2 ) 



Suspension Pellet (P 3 ) - 



Centrifuge 1 00 000 x g, 60 minutes 



Membranes stored in aliquots at -70°C 
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Enteral drug application and collection (IV, V) 
This technique was a modification of a previously described method (Modigliani et al, 
1973). Subjects were intubated via a nostril with a multichannel (study IV) or a triple-lumen 
channel tube (study V) of polyvinyl chloride (diameter 2 mm). 

In study IV dDAVP was directly applied to six distinct sites in the gastrointestinal tract: 
stomach, duodenum, mid-jejunum, distal ileum, ascending colon and rectum (for the last site 
a cannula was used). Except for the colon an occluding balloon was placed 2 cm distal to the 
application point to ascertain the absorption in the chosen intestinal segment. 

In study V the tip of the first tube, for the tractor balloon, was positioned after the duodeno- 
jejunal junction (ligament of Treitz) and that of the second, used for intestinal drug 
application and perfusion of solutions, was placed in the first part of the duodenum. The tip 
of the third tube, positioned 30 cm beyond the second, was directed to collect the intestinal 
juice for measurements of lipase, chymotrypsin and pH. At each session, the positioning of 
the tube was verified fluoroscopically before drug application (IV + V) and achievement of 
occlusion and absence of leakage were confirmed by instillation of 1 ml bromosulphthalein 
as a marker (IV). 

Pharmacokinetic calculations 

dDAVP kinetics after intravenous infusion were analysed using a two-compartment model 
inPCNONLIN (Statistical Consultants, Inc. 1986) (version 3.0). In all treatments the area 
under the plasma concentration versus time curve (AUC) was calculated using the 
trapezoidal rule, with extrapolation to infinity using the terminal elimination rate. 

Clearance, half life of elimination (tl/2), absolute and relative bioavailability of dDAVP and 
mean residence times (MRT) after intravenous and intestinal administrations of dDAVP 
were calculated using standard formulas (Aronson et al, 1988). The absorption rate (study 
V) was calculated by a well known method (Loo and Riegelman, 1968). Total clearance after 
i.v. administration was calculated as dose divided by AUC and renal clearance after i.v. 
administration as the amount excreted in urine divided by the AUC. The clearances were 
adjusted using the body weight of each subject. 

The maximum concentration (C^J and the time to C^ (t m J were the observed values. 
Statistical analyses 

Statistical evaluation was performed using two-way analysis of variance (ANOVA) study 
HI + IV and with Student's paired t-tests in study V + VI. The level of significance was set 
at p< 0.05. 
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INVESTIGATIONS AND RESULTS 



Metabolism (Study I + II) 

Metabolism in human gastric juice and intestinal contents (la) 
Gastric juice was collected from fasting subjects at 16 h and sampling of duodenal and distal 
jejunal contents was done 1 h after a standardized meal and sampling of distal ileal contents 
was done the next morning 2 h after a meal. 

Degradation of peptides by gastric juice or intestinal contents was assessed by adding 10 \il 
of 10 mM peptide in 0.9% NaCl to 190 |il of undiluted juice at 37°C. Aliquots were 
withdrawn at intervals and mixed with acetone and then centrifuged. 10 u.1 of the supernatant 
was analyzed by HPLC. 




Time (min.) 



Fig 5. Incubation ofdDAVP alone in human intestinal contents from the ileum and with 
different concentrations of a specific enzyme inhibitor (chymostatin) showing a 
concentration-dependent inhibition of the degradation ofdDAVP. 

Results 

An important degradation was found to occur in the ileum fraction (pH 6.2) when dissolving 
dDAVP in the different gastrointestinal juices. Only 50% of the peptide remained intact after 
approximately 35 - 40 minutes. When contents from the ileum were preincubated with 
aprotinin a concentration-dependent inhibition of degradation was observed which was also 
seen with the more specific enzyme inhibitor chymostatin (Fig 5). 
Degradation of dDAVP was also found to occur in the duodenal and jejunal fractions after 
adjustment of the pH to 6.5. 
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Fig 6. Stability of different uterotonic peptide analogues in human intestinal contents 
from the ileum indicating that C-terminal amides are more stable than corresponding 
acids. 

AVP was completely degraded within 30 minutes when incubated under the same conditions 
with intestinal contents from the ileum. Among the uterotonic peptides, oxytocin was 
degraded almost as rapidly as AVP, and acids were less stable than the corresponding C- 
terminal amides. The peptide ring, which consists of the first six amino acids with an amide 
in position six and a sulphur bridge between Mpa 1 and Cys 6 appeared however to be stable 
in ileal contents (Fig 6). 

Metabolism in brush border membranes from the human intestinal tract (lb), in 
human kidney (II) and human liver (II) 

Table 3. Degradation of AVP, oxytocin and some analogues in human gastrointestinal 
microvilli and membrane preparations analyzed by HPLC and expressed as percent of 
initial value. Time of assessment of degradation is indicated (min). G-, without 
glutathione; G+, with glutathione; - no breakdown, (+) low breakdown, + breakdown . 
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Degradation of peptides (A VP, dDAVP, oxytocin, antocin and carbetocin) was assessed by 
adding lOiM of peptide to 1 - 10 \ig membrane protein to a final volume of 100 |xl. To half 
of the incubations, a cofactor (glutathione lO^M) was added. The incubations, in duplicate, 
proceeded at 37°C in a rotating water bath and after 0, 30 and 180 min the reaction was 
stopped by boiling for 5 min followed by centrifugation. 

Fig 7. HPLC chromatogram of AVP 
incubated in human distal ileum mucosa 
homogenates in the presence of reduced 
glutathione (lO^M) at 37 "C showing a 
degradation occurring at 180 min. The 
retention times are indicated on top of each 
peak [T0 = 0 time, T+30 = 30 min, T+180 = 
180 min]. 



Results 

Metabolism in brush border membranes from the human intestinal tract (I) 

All membrane preparations showed an increased content of alkaline phosphatase compared 

to the crude homogenate. Cathepsin B was undetectable, indicating absence of intracellular 

enzymes. 

No degradation of AVP, dDAVP or oxytocin analogues was observed in the plasma 
membranes from the stomach. 

There was a considerable degradation of AVP and oxytocin in the presence of glutathione 
in the distal part of the ileum (Fig 7) after 1 80 min. In the presence of glutathione there was 
a minor degradation of dDAVP and a more extensive degradation of AVP in the 
homogenized jejunal brush border membrane occurring at 30 min (Table 3). 
In the colon only AVP, in the presence of glutathione, was degraded, with just 60% of the 
initial peptide concentration remaining after 30 min. 

AVP, dDAVP and antocin were partially degraded with 70% remaining at 180 min in the 
rectal mucosa homogenate (Table 3). 
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Table 4. Degradation ofAVP, oxytocin and analogues in kidney microvilli, liver plasma 
membrane preparations and crude liver homogenate preparations analyzed by HPLC and 
expressed as percent of initial value. Time of assessment of degradation is indicated 
(min). G-, without glutathione; G+, with glutathione; - no breakdown, (+) low breakdown, 
+ breakdown. 





Kidney microvilli 


Liver membrane 


Crude liver 




G- 


G+ 


G- 


G+ 


homogenate 


AVP 


180' (20%) 


(+) 


30' (70%) + 
180' (100%) 






30' (15%) + 
180' (50%) 


dDAVP 










30' (35%) + 
180' (75%) 


Oxytocin 


30' (80%) 
180' (100%) 




30" (90%) + 
180' (100%) 






30' (5%) + 
180' (70%) 


Antocin 


30' (5%) 
180' (40%) 




30' (70%) + 
180' (100%) 









Metabolism in human kidney (II) 

All membrane preparations showed high concentrations of alkaline phosphatase compared 
to the crude homogenate. As summarized in Table 4 the degradation of both AVP and 
oxytocin was rapid when incubated with renal microvilli membranes in the presence of 
glutathione (Fig 8). 

Due to the rapid metabolism of oxytocin and AVP in the presence of glutathione only two 
fragments could be sequenced for both peptides (table 5). 



Table 5. Amino acid sequences of fragments of oxytocin and AVP obtained after 
incubation in human kidney microvilli membranes in the presence of lO^M reduced 
glutathione. T r denotes retention time on HPLC. 

T r 

Oxytocin 4 
8 



AVP 6.5 
8.5 



Peptide sequence 
De-Gln-Asn-Cys 
Cys-Tyr-Ile-Gln-Asn-Cys-Pro 
I — s S — I 

Cys-Tyr-Phe-Gln 
Cys-Tyr-Phe-Gln-Asn-Cys 
' — S S 1 
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dDAVP remained stable when incubated with renal microvilli membranes. The degradation 
of antocin was also different with and without reduced glutathione (Table 4). In the absence 
of glutathione a peak eluted on HPLC which was more lipophilic whereas in the presence of 
glutathione a more hydrophilic peak was observed. The lipophilic peak was found to coelute 
with the truncated analogue [Mpa 1 , D-Tyr^t), Thr 4 , desOrn 8 , desGly 9 ]-oxytocin. 



n 

< 




AVP Oxytocin 
Standard 

J13.95 



Fig 8. HPLC chromatogram of 
AVP and oxytocin incubated in 
human kidney microvilli brush 
border membranes in the presence 
of reduced glutathione for 180 min 
showing a rapid degradation of 
both peptides and appearance of 
hydrophilic metabolites. 



AVP Oxytocin 
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Metabolism in human liver (II) 

There was no degradation of any of the peptides when incubated with liver plasma 
membranes with or without glutathione. However, when incubating the peptides in crude 
liver hombgenate, degradation occurred with all peptides except antocin (Table 4 and Fig 9). 



13.32 

A 9.97 6.4 12.25 
A 1 /I 



AVP DDAVP 



10.11 

k 



Oxytocin 
T+30 12.17 



6.4 



Fig 9. HPLC chromatogram 
of AVP, dDAVP and oxytocin 
incubated in human 
unpurified liver homogenate 
for 180 min showing a 
degradation of all three 
peptides and appearance of a 
hydrophilic metabolite of 
oxytocin at 30 and 180 
minutes. 




Oxytocin 
11.03 
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Pharmacokinetics (III + IV + V + VI) 



Pharmacokinetics in healthy volunteers (III) 

dDAVP was administered on six separate occasions, with a washout period of one week, at 
8 a.m. to fasting volunteers and a standardized breakfast was served 2 hours later. For s.c. 
administration 2 \ig of dDAVP was given in the upper arm. For i.v. administration, 2 \ig 
of dDAVP was diluted with 3.5 ml of NaCl and given over 5 minutes. For i.n. application, 
10 \ig was given in each nostril (by spray) with the subjects in an upright position. The total 
sublingual dose was 20 \ig, with 10 \ig administered at each side of the lingual frenulum. 
50 jig dDAVP was administered rectally by syringe. Blood was collected before the 
administration of dDAVP and at regular intervals during 6 to 8 hours after dose 
administration. 




Fig 10. Plasma dDAVP 
concentration (pmolll, mean ± 
SEM) following dDAVP 
administered M i.v. (2 fig), A s.c. 
(2 /jg), Yi.n. (20 fig) and +p.o. 
(200 jug) in 8 healthy volunteers 
( data not shown from sublingual 
and rectal administration while no 
detectable dDAVP was found in 
the blood only low amounts were 
found in the total 24 -hour urine). 



Time (h) 
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Results 

A potent and sustained increase in urine osmolality was observed after all routes of 
administration, except the sublingual and rectal up to 8 hours after administration. 
Accordingly, the 24-hour diuresis in these healthy subjects was somewhat lower (1.0-1.4 1) 
than normal but no difference was found between the different routes of administration. 
After i.v. administration, the half-life of elimination (tl/2) of dDAVP was 78 ± 10 minutes. 
Using the AUC of dDAVP from the subcutaneous administration as a reference, 
bioavailability was found to be 3.4% after the i.n. route and 0.1% after the oral route of 
administration. 

After sublingual and intrarectal routes of administration no detectable dDAVP was found 
in the blood; however, low amounts were found in the total 24-hour urine. 
The renal clearance of dDAVP varied from 1.19 to 3.04 ml/min/kg body weight with 
different routes. 



Absolute bioavailability after oral absorption (IV) 

Each volunteer participated in seven study sessions, separated by at least 48 h. For 
calculation of the AUC after i.v. administration, a bolus injection of 4 \ig dDAVP was given 
at 09.00 h after an overnight fast. In all other sessions 400 \ig dDAVP was dissolved in 2 
ml NaCl 0.9% and was given by the appropriate route at 9 a.m. followed by rinsing the tube 
with 2 ml NaCl. The occlusive balloon was deflated 1.5 h after drug application and a 
standardized meal was given 1.5 h later. 
50 



Fig 11. Plasma dDAVP concentration (pg/ml, 
mean n = 6) following dDAVP 400 fig 
administration in the stomach M, duodenum A, 
jejunum V, ileum * and rectum + showing a 
significantly higher (p < 0.05) bioavailability 
from the higher segment of the intestine in 
comparison to the lower. 




60 120 180 240 300 360 420 480 

time (min) 
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Results 

U-osM remained elevated for at least 8 - 12 h following dDAVP administration in these 
normally hydrated volunteers irrespective of the site of application, although normal water 
intake was allowed 3 h after drug administration. Concomitantly, diuresis remained 
decreased for 12 h. The 24 h diuresis was lower (0.696 - 1.28 1) than normal in healthy 
volunteers (Carver and Paska, 1961). After i.v. administration, the half-life of elimination 
(tl/2) of dDAVP was 60.0 ± 14.7 min and plasma clearance was 1.7 ± 0.7 ml x min 1 x kg" 1 . 
Renal clearance was 53.6 + 19.9 ml x min 1 or 0.8 ± 0.3 ml x min 1 x kg 1 . 
Individual AUCs and bioavailabilities of dDAVP after application at various sites in the 
gastrointestinal tract are shown in Table 6 and the mean plasma dDAVP concentrations are 
shown in Fig 11. The bioavailability was significantly higher from the three upper than from 
the three lower regions (P < 0.05) of the gastrointestinal tract. 



(dose dDAVP)/subject 



AUC (pg - mm/ml) 
Intravenous (4 ug) 
Stomach (400 ug) 
Duodenum (400 ug) 
Jejunum (400 ug) 
Ileum (400 ug) 
Colon (400 ug) 
Rectum (400 ug) 

f(%) 



Table 6. AUC and bioavailability (f) of dDAVP directly applied to various sites in the 
gastrointestinal tract in 6 healthy volunteers. 

Bioavailability with an enzyme inhibitor (V) 

Each volunteer participated in three study sessions separated by at least 48 hours. For 
calculations of AUC after i.v. administration a bolus injection of 4 ug of dDAVP was given 
at 9 a.m. after an overnight fast. In the two other sessions 500 ug of dDAVP were 
administered as in study rv. A standardized breakfast was given 5-10 min after drug 
application and a standardized meal 4 hours later. In one session, a solution of PEG, a non 
absorbable marker (pH = 6.5, osmolality = 305 m osM/kg) was given as a continuous enteral 
aaministration by a motor driven syringe starting 30 min before the dDAVP application and 
during a further 5.5 h at a constant rate of 5 ml/min. In the other session, a solution of PEG 
and aprotinin was administered enterally at a constant rate of 5 ml/min and during a further 
5 hours. 
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Fig 12. Mean intraluminal activity of chymotrypsin during a 4 hour duodenal perfusion 
with (M) or without ( a) aprotinin after direct application of dDAVP in the duodenum in 
6 healthy volunteers (p < 0.001). 

Results 

The intestinal lipase activity after 4 hours was not modified by aprotinin. In contrast, the 
chymotrypsin activity was significantly decreased after infusion of aprotinin (Fig 12). 
The median hydrogen ion concentration of the intestinal juice at the jejunal aspiration site 
was not influenced by aprotinin (pH 5.73 without and 5.75 with aprotinin). After i.v. 
administration the tl/2 of dDAVP was 1.56 hrs ± 0.2 and plasma clearance 1.24 ± 0.16 
ml/min x kg. Bioavailability (F) after duodenal administration of dDAVP + aprotinin was 
0.46% (range 0.28 - 0.84) in comparison with 0.09% (range 0.05 - 0.14) after duodenal 
administration of dDAVP alone (P < 0.0148). AUC and F were statistically higher after 
duodenal administration of dDAVP with aprotinin in comparison with dDAVP alone (Fig 
13 and Table 6). However, the absorption rate constant for dDAVP did not differ 
irrespective of administration with or without aprotinin. 
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Fig 13. Mean plasma concentrations (pg/ml) of dDAVP after an i.v. bolus injection of 4 
fig dDAVP (—), 500 fig dDAVP with aprotinin (- -) and 500 fig dDAVP alone (—) given 
in the duodenum in healthy volunteers (n = 6). 

Pharmacokinetics in diabetes insipidus patients (VI) 

Prior to the investigation, treatment with i.n. or oral dDAVP was discontinued for 36 h. The 
patients received the different doses in the same order, day 1 and 2 they were given 10 and 
20 u\g of intranasal dDAVP and day 4 and 5 they received 200 and 400 [ig tablets, 
respectively. The children did not receive any evening dose and were without any treatment 
on day 3. All had normal breakfast and fluid intake ad libitum was permitted throughout the 
study. 
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Fig 14. Urine osmolality (mosMlkg, mean ± SEM) in ten diabetes insipidus patients aged 
45 to 19 years following intranasal dDAVP (10 ng —; 20 fig — —) and oral dDAVP 
(200 ng 400 fig —-). 

Results 

The U osM increased rapidly in all cases during the second hour after administration, and 
in a similar manner after i.n. and oral administration, up to 8 h after administration (Fig 14). 
At 8 h, the difference in U osM between 10 and 20 \ig of i.n. dDAVP was significant (P < 

0. 01). The maximum U osM was higher after the largest doses tested (20 \ig i.n. and 400 
Hg p.o.), but the difference was not significant. A difference was however observed in the 
duration of effect. After 12 h the mean U osM was still above 350 mosMol/kg with 20 \ig 
of dDAVP i.n. and 400 ng p.o., whereas with 10 \ig i.n. and 200 \ig p.o. the U osM was 
167 and 221mosmoVkg, respectively (Fig 14). Free water clearance (FWC) showed no 
difference between doses or routes of administration of dDAVP and remained negative for 
7 to 8 h. The mean (± SD) duration of U osM remaining above 400 mosMol/kg was 7.4 h 
± 3.0 and 9.0 h ± 3.2 after 10 and 20 \ig of i.n. dDAVP and 7.2 h ± 3.3 and 8.8 h ± 2.3 
after 200 and 400 p.g p.o., respectively. A statistical difference was found between 10 and 
20 \ig of i.n. dDAVP (P < 0.05). 

Maximum plasma concentration of dDAVP was obtained for the different doses after 39 to 
50 min and thereafter the concentration decreased following first order kinetics for both the 

1. n. and oral routes of administration. 
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The calculated plasma P-half-life of dDAVP ranged between 3.3 and 4.0 h and was not 
different after oral or i.n. dosing. 

With regard to the AUC the difference between the i.n. and the oral routes was significant 
in the 2 groups 10 jig i.n./200 |ig p.o. - 20 jig i.n./400 \ig p.o. (P < 0.05). 



DISCUSSION 



Intestinal absorption of neurohypophyseal hormones and their analogues (I) 
Investigations I and II were undertaken in order to further study whether the 
neurohypophyseal hormones and some of their synthetic analogues are hydrolysed by luminal 
proteolysis, by brush border membrane-bound peptidases in the intestine and in the kidney 
and by liver plasma membranes in man. 

Four possible cleavage sites of the neurohypophyseal hormones have been identified (Walter 
and Simmons, 1977): 1) Cleavage of the Cys'-Tyr 2 peptide bond by a cystine 
aminopeptidase (vasopressinase, oxytocinase) found in the plasma during pregnancy, 
2) reduction of the disulphide bond by thiol: proteindisulphide oxidoreductase, 3) cleavage 
between Pro 7 -Leu 8 (oxytocin) and Pro 7 -Arg 8 (AVP) by a postproline endopeptidase and 
4) release of the terminal glycinamide residue by trypsin (AVP) or chymotrypsin (oxytocin). 

As indicated by the antidiuretic effect in hydrated rats, the activity of AVP was completely 
eliminated when preincubated with trypsin or a -chymotrypsin while dDAVP's activity 
remained intact when incubated with trypsin probably because trypsin cleaves carboxyl 
groups of basic natural amino acids L-arginine and L-lysine bonds of peptide chains (Matsui 
et al, 1985) and dDAVP has a D-Arg in position 8. When preincubated with 
a-chymotrypsin, dDAVP lost 50% of its activity (Matsui et al., 1985). Already in the 1950's 
pressor hormones were found to be susceptible to trypsin cleavage while oxytocin was found 
to be resistant (Tuppy, 1968). HPLC measurements after incubation in diluted 1: 100 rabbit 
ileum juice showed metabolization of AVP whereas dDAVP was stable (Matuszewska et al., 
1988). In enterokinase-activated pig pancreatic juice Lundin et al. 1989 found that AVP was 
rapidly degraded within 5 minutes while dDAVP was stable for 60 min. 

In our study of luminal proteolysis in man (la), while AVP was completely degraded within 
30 min, a slower, pH-dependent degradation of dDAVP was seen in undiluted intestinal 
contents from different parts of the small intestine especially in the distal part of the ileum. 
When dDAVP was preincubated with the enzyme inhibitor aprotinin a concentration- 
dependent inhibition was seen. A similar inhibition was obtained with a more specific 
enzyme inhibitor (chymostatin) (Fig 5, p 31). 

Among the uterotonic peptides tested C-terminal amides seemed to be more stable than 
acids. In one analogue, substitution of sulphur by a carba group at position six of the ring 
structure did not increase stability against gastrointestinal enzymes. Ornithine at position 8 
increased the resistance to tryptic cleavage while a D-Arg residue at this position completely 
abolished the degradation. Finally, deamination at position 1 and substitution of L-Tyr with 
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D-Tyr (Et) at position 2 in the ring structure of the oxytocin molecule increased resistance 
to chymotrypsin (Fig 6, p 32). 

A recent sbdy showed an extensive degradation in concentrated intestinal contents in the rat 
of several vasopressin analogues including dDAVP except for [Mpa 1 , D-Tyr(Et) 2 , He 3 , Val 4 , 
D-Arg 8 ] vasopressin (Lundin et al, 1994). On the other hand, this analogue has an 
antidiuretic effect which is considerably reduced compared with dDAVP. 
Bioavailability of three oxytocin analogues increased after diversion of pancreatic juice in 
pigs (Lundin et al, 1995) but as the peptides hardly were susceptible to enzymatic 
degradation other explanations were forwarded for the increased absorption such as 
pancreatic juice acting directly or indirectly on the gastrointestinal epithelium. Conflicting 
results from some studies may be explained by the fact that degradation more easily occurs 
in undiluted, or more highly concentrated, intestinal contents. 

Earlier studies have shown that AVP is degraded while dDAVP remains intact after 
incubation with ileal mucosa (Matuszewska et al, 1988; Lundin et al, 1989). Recently, 
however, dDAVP was found to be slowly metabolized in rat intestinal mucosa homogenates 
(Ungell etal, 1992). 

In study I b the neurohypophyseal hormones were slowly degraded by intestinal microvilli 
membranes and colonic and rectal plasma membranes when reduced glutathione lO^M was 
added to the incubations (Table 3, page 32). The synthetic analogues were stable. 

The major enzymatic barriers to intestinal absorption of AVP, oxytocin and their analogues 
are therefore present in the intestinal contents and not in the mucosa, which however 
constitutes a major physical barrier to peptide transport. 

Numerous studies have tried to better characterize the permeability of the small intestine and 
transport mechanisms to AVP, oxytocin and many of their analogues by in vitro (Vilhardt 
and Lundin, 1986b; Lundin & Artursson, 1990; Lundin et al, 1991; Pantzar et al, 1993) 
and in vivo (Lundin et al, 1990; 1994; 1995; Pantzar et al, 1995) transport systems. No 
transport maximum and no competitive inhibition could be observed, the highest uptake was 
in the distal part of the ileum and no correlation was found between bioavailability, 
hydrophobicity and absorption rate although dDAVP had the highest absorption rate in 
comparison to other analogues. These studies clearly favor the existence of a passive 
paracellular absorption for dDAVP. dDAVP probably does not affect its own transport rate 
and the existence of an active, receptor-mediated endocy tosis mechanism is unlikely (Pantzar 
etal, 1995). 
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Although no specific receptors for either AVP or oxytocin have been found on the apical side 
of the enterocyte, cellular uptake by endocytosis with subsequent hydrolysis in lysosomes 
may however occur for these natural peptides (Carone et ai, 1987; Folkesson et ai, 1988; 
Uitzetal., 1991). 

Metabolism of neurohypophyseal hormones and their analogues in the kidney (II) 

In study A, when vasopressin, oxytocin and their analogues where incubated for 180 min in 
human renal microvilli brush border membranes, dDAVP was stable whereas AVP, oxytocin 
and [Mpa^D-TyPOEt), Thf 4 , Orn 8 ]-oxytocin (antocin) showed different metabolic pathways 
according to the presence or the absence of reduced glutathione (Fig 8 and Table 4). 

Glutathione is removed in the process of membrane purification and is required as a cofactor 
in in vitro experiments (Carone et ai, 1987). In vivo glutathione may play a role for the 
initial splitting of disulphide bonds by reduction (Rabenstein and Yeo, 1994). When 
incubated with pig kidney microvilli-membranes without glutathione, AVP was resistant to 
hydrolysis while oxytocin was slowly metabolized by cleavage of the Pro 7 -Leu 8 bond 
(Stephenson and Kenny, 1987). 

In our study, AVP was almost stable when incubated without reduced gluthatione while 
oxytocin was metabolized. This could be the result of the action of the membrane-bound 
enzyme endopeptidase 24.11 (Stephenson and Kenny, 1987) which cleaves hydrophobic 
peptide bonds such as Pro 7 -Leu 8 (Turner, 1987) and not due to the post-proline enzyme 
whose location is cytoplasmic (Walter and Simmons, 1977). 

Even antocin, which is structurally more similar to AVP at the C-terminus, was found to be 
cleaved at this site. The peptide sequencing (Table 5) identified fragments from the peptide 
ring structure suggesting that several enzymes must have been involved. Their action was 
facilitated by initial splitting of the Cys'-Cys 6 disulphide bond. 

dDAVP was not metabolized by renal microvilli-membranes neither with nor without 
reduced glutathione. The presence of D-Arg in position 8 gives the molecule an overall 
greater stability in addition to deamination in position 1. In healthy volunteers plasma 
clearance of dDAVP is 3 - 4 times lower (Vilhardt et ai, 1986, studies IV, V) than that of 
the more modified analogue antocin (Lundin et ai, 1993). 

The differences in plasma clearance may result from factors other than enzymatic stability 
such as binding to blood constituents and to the rate of excretion in the kidney and in the 
liver. In fact Lundin et ai (1993) found in healthy volunteers that 28.7% of an i.v. dose of 
antocin and 65.4% of dDAVP were excreted in urine which is in accordance with data from 
study HI. In a similar way, a rather low 24-h urinary excretion was also found for antocin in 
a pharmacokinetic study in rats (Lundin et ai, 1993b). 
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Degradation of AVP, oxytocin and antocin was rapid when incubated with renal microvilli 
membranes together with reduced glutathione while dDAVP was stable. 

Metabolism of neurohypophyseal hormones and their analogues in the liver (II) 
Whereas dDAVP was stable after incubation with renal microvilli membranes, 75% of the 
peptide was inactivated by human liver crude homogenate at 180 min (Study II) which is 
more extensive than that observed in rat liver homogenates (Shimizu et ai, 1980). 50% of 
AVP was inactivated under the same conditions and 70% of oxytocin. This latter peptide 
showed a hydrophilic metabolite at 30 min. All peptides except antocin were degraded in 
crude liver homogenate but not in purified plasma membranes indicating that the proteolytic 
activity takes place intracellularly rather than in the membranes (Fig 9, p 36). 
Metabolism by intracellular enzymes has been observed for several peptides such as TRH 
(Scharfmann et ai, 1989), cholecystokinin (Gores et ai, 1986) and GRF (1-29)NH 2 
(Boulanger et ai, 1992) and an aminopeptidase like enzyme metabolizing oxytocin has been 
isolated and partially characterized in primate liver microsomes and lysosomes (Sri Krishna 
and Kanagasabapathy, 1989). 

It is possible that neurohypophyseal hormones are degraded in the hepatocytes after receptor- 
mediated endocytosis and transport to lysosomes for metabolism (Lutz et ai, 1991). Liver 
perfusion experiments in the rat (Rabkin et ai, 1980) and in the pig (Lundin et ai, 1991) 
demonstrating an hepatic clearance of AVP and dDAVP support these findings. Degradation 
of dDAVP in the liver likely takes place at its C-terminal as the dDAVP antiserum is specific 
for this region, and since no immunoreactive fragments were observed (Lundin et ai, 199 1). 
In cirrhotic patients with poor liver function, the metabolic clearance rate of AVP was found 
to be reduced and its half-life prolonged under steady-state conditions (Solis-Herruzo et ai, 
1992). 

Oxytocin, AVP and dDAVP were metabolized when incubated in crude liver homogenates 
indicating that the proteolytic activity takes place intracellularly rather than in the plasma 
membrane. 

Pharmacokinetics after intravenous, intranasal and oral delivery (III) 

The intranasal route is a well characterized alternative to injection as a route for 
administration of peptides. Hepatic first-pass metabolism is by-passed, absorption into the 
systemic circulation can occur rapidly through the highly vascularized surface of the nasal 
mucosa and the proteolytic activity is lower in the nasal mucosa than in the gastrointestinal 
tract (Parr, 1983; Zhou and Li Wan Po, 1990). 

The intranasal permeability to peptides may be significantly increased by different types of 
absorption enhancers (Zhou and Li Wan Po, 1991). Nevertheless, this route is less reliable, 
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since swollen or inflamed nasal mucosa is unsuitable for local administration, particularly 
for chronic administration in substitution therapy. 

The oral route offers a more convenient and compliant method of drug administration. 
l-deamino-8-D-arginine vasopressin or dDAVP is one of the very few peptides of therapeutic 
interest that can cross the gastrointestinal mucosa and enter the general circulation. 

In one of the first studies on dDAVP, comparing the antidiuretic effect after i.n. and i.v. 
administration of dDAVP, the biological activity of dDAVP given i.n. to DI patients was 
estimated to be 10 - 20% of the i.v. route (Andersson and Arner, 1972). Vilhardt and Lundin 
(1986a) found a bioavailability of 1 1.3% after 20 |ig given intranasally and 0.7% after a 
200 u.g tablet (Table 7). However in this study the AUC of plasma dDAVP after i.n. and 
oral administration was assessed against the plasma clearance after an i.v. dDAVP infusion 
in another study. They also found that oral administration of tablets of 100 and 200 p;g of 
dDAVP was followed by a dose dependent and sustained antidiuretic effect in 6 hydrated 
volunteers. This has been confirmed by several authors (Table 8) in healthy volunteers and 
adult and pediatric DI patients (Cunnah et al., 1986; Fjellestad and Czemichow, 1986; 
Westgren et al., 1986; Williams etal., 1986). 

In our pharmacokinetic study (DI) in 8 healthy volunteers the bioavailability of dDAVP was 
3.4% after 2 x 10 \ig given intranasally and 0.1% after 200 u,g given orally. The 
bioavailiability after oral administration seems lower than earlier reported (Table 7). In a 
pharmacokinetic study (Kohler and Harris, 1988) where the haematological effects of 
dDAVP were evaluated the bioavailability of 300 |ig given i.n. was however 2%. This could 
partially be explained by the fact that the intranasal administration in our study (III) was 
made with a metered-dose nose spray and in the above mentioned study with a single-dose 
pipette. 

A nasal spray pump device gives a higher absorption rate than nasal drops (Harris et al, 
1986). Various methods of i.n. delivery were compared in healthy volunteers by measuring 
the deposition and clearance of dDAVP in the nasal cavity using gammascintigraphy. 
dDAVP solutions containing "Tc-labelled human serum albumin were administered i.n. as 
a spray, using metered-dose pumps, or as drops, using a rhinyle catheter or a single-dose 
pipette. The sprays were deposited mostly anteriorly, small amounts were cleared slowly into 
the nasal pharynx. Conversely dDAVP administered as drops was deposited mainly 
posteriorly and cleared very rapidly. A considerable part was swallowed immediately. 
Assessment of plasma levels showed that absorption of dDAVP was 2 to 3-times higher with 
the spray than with the drops. Furthermore it has been shown that by optimizing 
concentration, volume and technique of administration by the nasal route a significant 
increase of the bioavailability can be reached (Harris et al., 1988). 
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We showed further (III) that absorption after oral doses was approximately 30 times lower 
than intranasal. This is in accordance with our pharmacokinetic study in pediatric DI patients 
(Study VT) where a ratio of 1 :20 was found between the intranasal and oral route. This ratio 
is confirmed by clinical experience when DI patients change from intranasal to oral 
administration. 

In the different pharmacokinetic studies (in, IV, V) half-lives of elimination of dDAVP after 
i.v. injection were 78, 60 and 90 minutes respectively which is in accordance with other 
studies where also a specific antiserum against dDAVP was used (Vilhardt et at., 1986) 
(Table 7). When high doses of dDAVP have been administered intravenously or intranasally 
in the hematological indications, higher half-lives have been reported (Lethagen et at, 1987; 
Kohler and Harris, 1988; Harris et ai, 1988). 

The urinary excretion of dDAVP after the various routes (III) is more extensive than 
previously reported (Vilhardt and Lundin, 1986a) when expressed as a percentage of the 
amount absorbed (65 vs 16.4% after oral administration). 

Site of absorption (IV) 

Different sites of absorption in the human gastrointestinal tract were investigated in order 
to identify a possible site of preferential absorption as previously described in animals. In 
rabbits, a preferential area of absorption of dDAVP seems to be located in the ileocaecal 
region (Lundin and Vilhardt, 1986) where the absorption was 10 times higher in comparison 
to the stomach, the mid-part of the ileum or the colon and twice as high as in the duodenum. 

In an in vitro study in rats, where the absorption was studied in everted small intestinal sacs, 
the transport of dDAVP was found to be most extensive in the distal (ileal) part of the small 
intestine (Lundin et ai, 1990). Recently three other in vitro studies in rats have confirmed 
an increased distal intestinal permeability to oxytocin and vasopressin analogues (Lundin et 
ai, 1991; Pantzar et ai, 1993; 1995). In this latter study one experiment was also made in 
situ in closed small intestinal loops where a 2-fold higher absorption was observed. 
Explanations for the differences in peptide transport rates observed in animals between 
proximal and distal intestinal segments have been forwarded (Vilhardt and Lundin, 1986b; 
Lundin et ai, 1990; 1991; Pantzar et ai, 1993; 1995). Higher distal paracellular 
permeability due to more frequent pores or increased paracellular water flux is possibly the 
main reason, and, in addition, a decreased regional proteolytic capacity may influence the 
degree of absorption. 

There may be species differences between human and animals since in our study in healthy 
volunteers (IV) no preferential site of absorption was found in the upper segment of the 
gastrointestinal tract (Study IV, Fig 11, Table 6). All the animal studies concerning the 
absorption in the distal part of the ileum concern only rodents: rats and rabbits. 
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Bioavailability after direct application of dDAVP in the stomach, in the duodenum and in 
the mid-jejunum (0.2%) was comparable to bioavailability after swallowing a tablet (Study 
HI). Surprisingly, the bioavailability after application in the distal part of the ileum was much 
lower than expected (0.03%). 

The reasons why we did not find increased absorption in the distal part of the small intestine 
in healthy subjects are obscure. The regional proteolytic activity could be slightly higher as 
shown by the degradation of dDAVP when incubated in intestinal contents from the ileum 
(Study la). Although human studies are more delicate to perform than animal studies, in our 
study (IV) the distal part of the ileum (and other sites) was studied separately as intended, 
and peak plasma concentrations (C m J of dDAVP occurred before the balloon was deflated. 
Several other factors may explain these differences. The intestinal absorptive surface area 
decreases in the distal direction (Fisher and Parsons, 1950) and the intestinal permeability 
to non peptides generally has been shown to decrease from the duodenum to the terminal 
ileum (Loehry et ai, 1973). 

For other orally bioavailable peptides of therapeutic interest the preferred absorption site is 
the upper gastrointestinal tract (Jennewein et al, 1974; Sawchuck and Awni, 1986; Kohler 
et al, 1987; Grass and Morehead, 1989). 

The intragastric absorption was unexpectedly high (0.2%) and higher than observed in the 
rabbit (Lundin and Vilhardt, 1986). AVP and also dDAVP have shown to be resistant to 
pepsin degradation (Thorn, 1959; Matsui et al, 1985) but the lack of villi and microvilli in 
the stomach with subsequent reduced absorption area would on the contrary have resulted 
in low absorption. 

Sublingual administration (III) 

No antidiuretic effect or detectable plasma-dDAVP was found in our pharmacokinetic study 
in healthy volunteers (III) after 2 x 10 jig sublingual administration with a metered spray 
although two previous studies had described this route of administration. A gelatin-based 
sublingual lozenge containing 2 x 10 (ig of dDAVP effected an adequate antidiuretic effect 
in 6 patients with cranial diabetes insipidus (Grossman et al, 1980). A sublingual tablet 
containing 30 |ig gave a 12 h antidiuresis in 18 DI patients (Laczi et al, 1980). However, 
in these studies plasma dDAVP was not measured. In our study the doses may have been too 
low, the mode of administration inappropriate, and some amount could have been swallowed. 

In an additional experiment, two subjects were given 60 \ig sublingually with a syringe. 
Even so, we did not find any detectable dDAVP in blood although the urinary osmolality was 
slightly increased compared to the previous experiment and detectable amounts of dDAVP 
were found in 24-hour urine. A 3-month-old child with DI and abnormal nasopharyngeal 
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anatomy was equally well controlled with the same dose of dDAVP intranasally and 
sublingually (2 ng/24 h) (Kappy and Sonderer, 1987). 

The bioavailability after buccal administration is generally poor: both large peptide drugs 
such as insulin (Nagai, 1985), as well as smaller peptides such as protirelin (TRH analogue) 
and LHRH analogue (Merkle et al., 1985) show disappointing results. 

Colonic absorption (I, IV) 

There is scant information on the permeability of the colonic mucosa to peptide and protein 
drugs, especially in humans. The proteolytic activity is much less in the colon than in the 
small intestine but on the other hand there is a smaller surface available for absorption and 
the colonic epithelium is considered to be "tight" in comparison to the ileal epithelium which 
has a "tight" (villus) and a "leaky" (crypt) epithelium arranged in parallel (Madara and Trier, 
1994). Colonic transit and pH can be variable and the higher numbers of microorganisms 
especially anaerobics may potentially lead to a more rapid drug degradation. Development 
of delivery systems that target peptide release specifically in the colon have been described 
(Kompella and Lee, 1992). 

In 1986 Saffran et al. reported a study in rats where polymer encapsulated insulin was 
targeted to be delivered in the large intestine and where enteric bacteria cleaved the protective 
polymer allowing absorption of insulin. This elicited a hypoglycemic response, however with 
large variations in time. Nanocapsules have been used to prolong the absorption of lipophilic 
drugs through the intestinal mucosa. Intragastric administration of polyalkyl cyano acrylate 
nanocapsules containing insulin was followed by hypoglycaemia by the second day after 
administration lasting 6 to 20 days depending on the dose given (Demge et al, 1988). 
In study IV, after direct application of an aqueous solution of 400 p;g dDAVP in the 
ascending colon in humans the bioavailability was low (0.04%) but similar to that observed 
in the distal ileum and in the rectum (Table 6, Fig 11). In vitro, AVP was found to be slowly 
degraded by purified colonic plasma membranes in the presence of reduced glutathione 
(Table 3) whereas the analogues dDAVP and antocin were stable (I). 

Rectal administration (I, III, IV) 

Rectal administration is of interest mainly because first-pass metabolism is reduced, the 
systemic absorption is rapid and contact with digestive fluids is avoided. The rate of 
absorption is not influenced by ingestion of food. 

Although low proteolytic activity and neutral pH favor breakdown of polypeptides in the 
lower segment of the intestinal tract, the uptake of macromolecules is low (Zhou and Li Wan 
Po, 1991). Saffran et al. showed in 1988 that natural vasopressin peptides (AVP and LVP) 
are more effective after rectal application than after intragastric delivery in rats but the doses 
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are still 20 times higher than after s.c. administration. Furthermore, in the same study, 
25 - 50% of an orally active dDAVP dose gave an adequate antidiuretic effect when given 
by rectal route. In addition, the dose could be reduced 20 times when given together with an 
enhancer, 5-methoxysalicylate. To our surprise no dDAVP was measurable after 50 \ig 
given intrarectally together with a vehicle (methylcellulose) by syringe (III). Therefore in an 
additional experiment we gave 100 \ig intrarectally directly without additive. No detectable 
dDAVP in blood was found but urinary osmolality was slightly increased and low amounts 
of dDAVP were found in 24-hour urine, in contrast to the previous experiment. 

In a second study (IV) a measurable absorption was found after rectal administration. 
Bioavailability of 400 |ig dDAVP given intrarectally with a cannula (0.04%) was much 
lower than that in the upper segment of the gastrointestinal tract (0.2%) in healthy subjects 
(Table 6, Fig 1 1) but similar to that in the distal part of the ileum. 
In addition, in an in vitro study (I), there was a slight degradation of A VP and dDAVP in the 
presence of reduced glutathione in purified plasma membrane preparation from human 
rectum (Table 3). 

Influence of an enzyme inhibitor on gastrointestinal absorption (I, V) 
The simultaneous s.c. administration of the protease inhibitor aprotinin together with insulin 
increased the plasma levels of insulin in volunteers (Owens et ai, 1988). In contrast, co- 
administration of aprotinin did not significantly alter the absorption of insulin in nasal 
absorption studies in rats and rabbits (Deurloo el ai, 1989; Morimoto et ai, 1991) possibly 
because of lower proteolytic activity in nasal mucosa. 

When A VP and dDAVP were each co-administered intranasally with aprotinin to rats no 
increase of the antidiuretic effect was found (Morimoto et ai, 1991). Aprotinin has been 
administered in the duodenum without causing any side effects (DIugosz et ai, 1983), and 
aprotinin is not destroyed by intestinal proteolysis (Frey et ai, 1967) or absorbed by the 
intestinal mucosa (Markwardt, 1978). Saffran etal. (1979, 1988), reported enhanced activity 
of AVP, LVP and dDAVP after simultaneous oral administration of aprotinin fn rats. The 
effect of aprotinin on the oral activity of dDAVP was however inconsistent. 

In our first study (I) we were able to show a pH- and concentration-dependent inhibition of 
the proteolysis of dDAVP when aprotinin was preincubated with contents from the ileum. 
As the bioavailability of orally ingested dDAVP is very low we wanted to evaluate the 
proteolytic effect of intestinal enzymes on the absorption of dDAVP in healthy volunteers 
(V). 

Bioavailability of dDAVP with a simultaneous perfusion of aprotinin in the duodenum 
increased five times in this study (Fig 13). The possible effects on digestion of dietary 
proteins by the co-administration with a protease inhibitor are however unknown especially 
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if one considers a long-term substitution therapy with dDAVP and aprotinin. One 
consequence of this finding is however that the dDAVP tablets in patients should perhaps 
be taken fasting and not during meals. Higher plasma concentrations of dDAVP were 
observed when dDAVP tablets were given to fasting hydrated normal volunteers but no 
difference in biological effect was seen when the tablets were taken with or without food 
(Rittig etal, 1995). 

In a recent study in pigs Lundin et al. (1995) show enhanced intestinal absorption of three 
oxytocin analogues after direct application in the duodenum. The bioavailability ranged 
between 0.38 et 0.67% before and increased by a factor of 5 to 10 after diversion of 
pancreatic juice. 

In study V the bioavailability of dDAVP after direct duodenal application increased five 
times through a simultaneous intestinal perfusion of an enzyme inhibitor demonstrating the 
importance of the proteolytic effect of intestinal enzymes on the intestinal absorption of 
dDAVP. 

Pharmacokinetics in diabetes insipidus patients (VI) 

In 1922 Blumgart demonstrated that intranasal administration of pituitary extracts was as 
effective as the subcutaneous route and since then the i.n. route has been the most common 
in diabetes insipidus patients. Intranasal dDAVP has been the treatment of choice in 
hypothalamic DI patients for almost thirty years. The onset of action occurs within one hour 
and the duration of effect is between 6 and 24 hours. Thus, dDAVP is given once or twice 
daily (Robinson, 1976). Difficulties may arise during upper respiratory infections and, 
especially in small children and in patients with poor vision, for technical reasons. 
Motzfeldt showed already in 1918 that polyuria in a DI patient was controlled by ingestion 
in the evening of 2 - 7 fresh bovine pituitary glands. This was confirmed by Rees and 
Olmsted (1922) who administered desiccated posterior pituitary lobe in coated oral capsules. 
It was not until 1985 however, that oral dDAVP given as tablets was shown to be efficient 
in adult DI patients (Hammer and Vilhardt, 1985). The oral doses were approximately ten 
times higher than the previous intranasal dDAVP doses, but the patients had a slightly 
increased diuresis of 2 - 3 1 per 24 hours (Table 8).- ■ 

In a dose ranging study the effectiveness of oral dDAVP was thereafter shown in ten 
pediatric DI patients (Fjellestad and Czernichow, 1986). In an initial study which lasted for 
six days in the hospital the children received increasing doses of oral dDAVP, from 12.5 to 
600 |ig. Doses as small as 12.5 ^g had effects on renal concentrating capacity and a 200 
|ig dDAVP tablet produced antidiuresis with a duration of 8 to 12.5 h in different patients 
(Table 8). The interindividual variability was considerable and two patients needed higher 
doses. 
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No significant increase in biological effect was seen with doses exceeding 200 p.g (up to 
600 [Lg). Diuresis started to decrease 15 - 30 min after intake of a 200 p,g tablet, reaching 
a nadir after one to two hours. In parallel, urinary osmolality increased rapidly to reach the 
maximum above 900 UosM/kg in 2 - 3 hours. 

During the dose ranging study a logarithmic relationship between dose and duration of 
antidiuresis was found (P < 0.001). The patients were discharged with doses ranging between 
150 to 500 |ig twice daily (525 jig/24 h). 

Following the controlled conditions in the hospital, the mean daily dose for most children had 
to be increased during the first weeks at home. Thereafter, the tablets were given three times 
a day in order to decrease the total amount of dDAVP. After 6 months the patients were 
treated with a mean daily dose of 850 \ig (Table 8) divided into 3 doses with the highest 
dose in the evening. 

A long-term follow-up of the same patients showed that the average oral dDAVP dose was 
similar (906 ± 406 pg/24 h) after 1 to 3.5 years of treatment (Fjellestad-Paulsen et al, 
1993a). No adverse reactions related to oral dDAVP and no presence of circulating 
antibodies against dDAVP were observed. 

In these studies the oral dose of dDAVP could not be correlated to age, to body weight or to 
the severity of the pre-treatment polyuria and the same was found in the 10 pediatric DI 
patients in study VI presented in Table 2. This is in accordance with previous findings with 
intranasal dDAVP (Kauli et al, 1985). 

hi two studies in adult DI patients (Hammer and Vilhardt, 1985; Cunnah et al, 1986) the 
daily oral dDAVP was lower than in our studies (Table 8). Heterogenous patient selection 
could be one reason and the low number of patients in each study (7-10 patients). 
Pharmacokinetics of dDAVP may differ between children and adults, a higher water turnover 
is more often tolerated in adults and as children need more sleep at night, their evening doses 
are increased in comparison to adults. The mean daily dDAVP dose in our studies is however 
only slightly above that found in a study with 7 children with central DI aged 4-18 years 
(Westgren et al, 1986). 

hi a pharmacokinetic study in overhydrated normal subjects and in adults and children with 
central DI it was observed that the children were less sensitive than normal subjects to a 
50 |ig dose and required 100 \ig orally to achieve a duration of action similar to that 
resulting from 200 p.g in adults (Williams et al., 1986). 

In order to determine the relationship between the intranasal and oral doses of dDAVP a 
pharmacokinetic study (VI) was undertaken in 10 DI patients aged 4.5 to 19 years (Table 7). 
Comparing the AUC after 10 and 20 \ig given intranasally and after 200 and 400 |J.g given 
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orally, a ratio of 1:20 was found between the intranasal and oral routes. When comparing the 
oral dDAVP, in a dose ranging study in seven pediatric patients with hypothalamic DI, with 
the previous intranasal daily dosage a similar correlation was found (Westgren et al., 1986). 
In previous studies, where plasma dDAVP was measured by means of an anti-serum non- 
specific for dDAVP, the plasma half-life ranged between 5 1 min (Edwards et al, 1 973) and 
158 min (Pullan et ai, 1978) after i.v. administration and varied from 0.4 to 4 h after i.n. 
administration (Seif et al., 1978). 

In these studies there was no correlation between elimination of dDAVP from plasma and 
duration of antidiuretic effect suggesting that the inter-individual differences observed in 
duration are related to the absorption. 

Using a specific RIA, Vilhardt et al. (1986) found a plasma half-life of 55 min after i.v. 
administration in healthy volunteers. We found a plasma half-life of 158 to 238 min after i.n. 
and oral routes of administration without significant difference between the two routes. 

In study VI the peak plasma concentrations of dDAVP appeared early and plasma levels 
were still detectable after 8 h indicating a rapid transmucosal absorption from the 
gastrointestinal tract. The persistence of dDAVP in the plasma after oral administration is 
probably due to slow elimination of the drug or to a prolonged absorption phase of the 
peptide as the half-life after i.v. administration is much shorter. 

The longer half-life after intranasal and oral administration of dDAVP is probably 
responsible for the increased duration of antidiuresis in comparison to vasopressin whose 
half-life is approximately 5 minutes. 

In uraemic patients Aunsholt et al. (1986) found that the total clearance rate was lower (1.4 
mVmin/kg) than previously reported in healthy volunteers (2.2 ml/min/kg) and the half-life 
of dDAVP in plasma was much longer 200 min (Table 7). This decreased rate of elimination 
in uraemic patients may be caused by diminished renal excretion and may account for the 
prolonged effect on bleeding and prolonged increase of factor VIII (Mannucci et al, 1983). 

The treatment of neonatal DI is particularly difficult. The intranasal administration of 
dDAVP does not seem suitable in infants because they cannot inhale and irregular nasal 
absorption can be responsible for frequent episodes of hypematremia and hyponatremia. 
These episodes cease when the children are treated orally (Fjellestad-Paulsen and 
Czernichow, 1992). The dose requirements are very low at this age but a ratio of 1:10 
between the intranasal and oral routes indicate a higher bioavailability before the age of 6 
months (Fjellestad-Paulsen etal, 1993b). 

It is well known that a considerable passage of macromolecules occurs through the intestinal 
wall during the perinatal period in many species (Brambell, 1970; Vellenga et at, 1985; 
Baintner, 1986). After a short period this passage is reduced and a so-called closure 
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phenomenon or "macromolecular closure" occurs when the intestine matures (Walker et al., 
1972; Rodewald, 1973). In 14-day-old rats the transepithelial intestinal passage of dDAVP 
was higher than in 30-day-old rats (Folkesson et al., 1988). 

Preterm but also full-term infants can absorb a considerable amount of intact protein across 
the gastrointestinal wall. It is a progressive event starting before birth and continuing until 
at least the age of 5 months (Gardner, 1994) thereafter decreasing progressively. 

To summarize the treatment of diabetes insipidus: despite very low bioavailability, oral 
dDAVP induces a rapid, potent and sustained antidiuresis in diabetes insipidus patients and 
the treatment with oral dDAVP is an attractive alternative to the intranasal route of 
administration. Approximately twenty to thirty times larger doses are needed orally than 
intranasally, but this does not result in an increase in side effects. The recommended dosage 
of oral dDAVP for children and adults with central DI would be 100 to 300 |ig two or three 
times daily. The recommended dose in infants, before the age of 6 months, would be 5 - 10 
Hg two to three times daily, which is lower than previously indicated (Fjellestad-Paulsen et 
al, 1988). 

Future approaches to improve the oral absorption of neurohypophyseal hormones 
Oral absorption of dDAVP has been facilitated by molecular modifications of the parent 
molecule which have rendered the molecule more resistant to proteolysis than native AVP. 
Further molecular changes, having a direct action or not on the opening of light junctions 
(Yen and Lee, 1995) or a lipophilic pro-drug form (Kahns et al., 1993) might increase 
resistance to chymotrypsin but the intact antidiuretic effect of the molecule must be 
conserved. Addition of an enzyme inhibitor increases the bioavailability but there are 
concerns about potential side effects. Use of absorption enhancers that could increase the 
passive diffusion by increasing the permeability of tight junctions is an attracti ve alternative 
but local toxicity with epithelial damage and increased transmucosal transport of undesired 
substances are possible drawbacks. Peptide carriers in nanocapsules or hydrophobic 
formulations in micro-emulsions are additional alternatives (Demge, 1988; Muranashi, 
1990; Ritschel, 1991). 
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CONCLUSIONS 



The different studies (I - VI) have further characterized- the gastrointestinal fate of 
neurohypophyseal hormones and their analogues, especially of dDAVP, and the following 
conclusions can be drawn: 

♦ The major enzymatic barriers to intestinal absorption of AVP, oxytocin and their 
analogues are present in the intestinal contents and not in the mucosa, which however 
constitutes a major physical barrier to peptide transport. 

♦ Degradation of AVP, oxytocin and antocin is rapid when incubated with renal microvilli 
membranes together with reduced glutathione while dDAVP is stable. 

♦ Oxytocin, AVP and dDAVP are metabolized when incubated in crude liver homogenates 
indicating that the proteolytic activity takes place intracellularly rather than in the plasma 
membrane. 

♦ In the present study the bioavailability after intranasal and oral administration of dDAVP 
was found to be in the order of 3% and 0. 1% respectively. The bioavailability after oral 
administration seems lower than previously reported. This bioavailability ratio of 
approximately 1:30 is confirmed by clinical experience when patients change from 
intranasal to oral dosing. 

♦ The bioavailability of dDAVP after direct application in the stomach, duodenum and the 
jejunum is similar (0.2%) to that after swallowing a tablet and is significantly lower after 
direct application in the ileum, colon and rectum (0.04%). Absorption of dDAVP from 
the distal part of the ileum is lower than expected from animal studies and no preferential 
site of absorption is found within the upper segment of the gastrointestinal tract. 

♦ The bioavailability of dDAVP after direct duodenal application increases five times with 
a simultaneous intestinal perfusion of an enzyme inhibitor demonstrating the importance 
of the proteolytic effect of intestinal enzymes on the intestinal absorption of dDAVP. 

♦ Despite very low bioavailability, oral dDAVP induces a rapid, potent and sustained 
antidiuresis in paediatric diabetes insipidus patients and the treatment with oral dDAVP 
is an attractive alternative to the intranasal route of administration. Approximately 
twenty to thirty times larger doses are needed orally than intranasally, but this does not 
result in an increase in side effects. 
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SUMMARY 

Although gastrointestinal absorption of intact and biologically active peptides has been 
extensively studied in the last two decades there is sparse information, especially in man, on 
the gastrointestinal hydrolysis and disposition of such biologically active peptides as the 
neurohypophyseal hormones and their analogues. The general aim of this investigation was 
to study the absorption and metabolism of these hormone peptides, especially l-deamino-8- 
D-arginine vasopressin (dDAVP), in human tissue, in healthy volunteers and in patients with 
hypothalamic diabetes insipidus (DI). 

Central or hypothalamic DI, a chronic state of polyuria and polydipsia, is due to absent or 
impaired production or secretion of vasopressin (A VP) secondary to different pathologies 
in the hypothalamo-pituitary region. 

The treatment of DI is based on substitution-therapy of AVP and since 30 years on a 
synthetic analogue of AVP, dDAVP, a potent antidiuretic with prolonged activity usually 
administered intranasally (i.n.). Previously it was generally believed that peptides could not 
cross the gastrointestinal mucosal barrier without being hydrolysed to free amino acids. 
However it has been shown that dDAVP given orally retains its biological activity and must 
therefore be absorbed in an intact form. 

In study VI we demonstrated that oral treatment with dDAVP in children with DI is possible 
and effective in comparison to the i.n. form. The bioavaibility is, however, very low and 
approximately twenty to thirty times larger doses are needed orally than intranasally, but 
without resulting in an increase in side effects. 

The bioavailability of dDAVP was studied in a pharmacokinetic study in healthy volunteers 
(BT) after intravenous, subcutaneous, i.n., oral, sublingual and rectal administration. Half-life 
of elimination was 78 ± 10 min. The bioavailability was 3.4% and 0.1% after i.n. and oral 
administration, respectively. Absorption after sublingual and rectal administration was 
almost negligible. The bioavailability after oral administration was lower than previously 
reported. 

In study IV the bioavailability was studied in healthy volunteers after dDAVP was given by 
an intestinal perfusion technique to 6 different sites of the gastrointestinal tract. The 
bioavailability after administration in the stomach, the duodenum and the jejunum was 
similar to that after swallowing a tablet (study III) and was significantly higher than after 
direct application in the ileum, colon and rectum. No preferential site of absorption was 
found within the upper segment of the gastrointestinal tract. 
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In study I the metabolism of AVP, oxytocin (OT) and some of their analogues was studied 
in undiluted human intestinal contents and purified microvilli membranes from different 
parts of the intestine. When incubated in intestinal contents AVP was completely 
metabolized within 30 min whereas an extensive but slower and pH-dependent degradation 
of dDAVP occurred, especially in the ileum. This latter was inhibited in a concentration- 
dependent manner when the enzyme inhibitor aprotinin was preincubated with contents from 
the ileum. Among the uterotonic peptides, C-terminal amides seemed to be more stable than 
acids. Deamination at position 1 and substitution of L-Tyr with D-Tyr(Et) at position 2 in 
the ring structure of the oxytocin molecule increased resistance to chymotrypsin. 

When incubated with gastrointestinal brush-border microvilli membranes from the ileum, 
AVP and OT were only metabolized after 180 min and in the presence of reduced 
glutathione. Synthetic analogues were stable under identical conditions. The major enzymatic 
barriers to intestinal absorption of AVP, oxytocin and their analogues are present in the 
intestinal contents and not in the mucosa, which however constitutes a major physical barrier 
to peptide transport. In study II when AVP, OT and their analogues were incubated for 180 
min with human renal microvilli membranes dDAVP was stable while AVP, OT and [Mpa 1 - 
D-Tyr^Et), Thr 4 , Orn 8 ]-OT followed different metabolic pathways and were rapidly 
metabolized in the presence of glutathione. All peptides except antocin were degraded after 
180 min when incubated with crude liver homogenate. This did not occur with purified 
plasma membranes indicating that the proteolytic activity takes place intracellularly rather 
than in the membranes. 

Finally, in study V the bioavailability of dDAVP after direct duodenal application increased 
5 times through a simultaneous perfusion of an enzyme inhibitor, demonstrating the effect 
of proteolytic intestinal enzymes on the absorption of dDAVP. 
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RESUME (Summary in French) 

L'absorption et le metabolisme des hormones posthypophysaires (la vasopressine et 
l'oxytocine) et de leurs analogues, particulierement la l-dearnino-8-D-arginine vasopressine 
(dDAVP) ont ete etudies dans differents tissus humains, chez des volontaires sains et chez 
des enfants atteints de diabete insipide hypothalamique. 

Le diabete insipide (DI) central ou hypothalamique, caracterise par un syndrome polyuro- 
polydipsique chronique, est du a l'absence de production ou de liberation de vasopressine 
(A VP), ou hormone antidiuretique (ADH), elle-meme secondaire a une atteinte de l'axe 
hypothalamo-hypophysaire. 

Le traitement du DI central repose sur la substitution en VP, ou surtout depuis 30 ans, sur 
un analogue de la VP, la dDAVP, antidiuretique puissant a action prolongee, administree par 
voie nasale. Cette molecule synthethique a permis une potential isation de l'effet 
antidiuretique parallelement a une reduction quasi complete de l'activite pressive et utero- 
tonique. 

Alors qu'il etait generalement accepte, que les peptides ne pouvaient pas passer la barriere 
gastro-intestinale sans etre hydrolyses en acides amines libres, il a ete demontre que meme 
administree par voie orale, la dDAVP garde son activite biologique. Elle est en effet 
absorbee dans sa forme intacte. 

Nous avons pu montrer dans unde etude (VI) comparative chez des enfants atteints de 
diabete insipide central avec la forme intranasale (i.n.), que la forme orale de dDAVP etait 
efficace. Cependant, du fait d'une biodisponibilite tres faible, des doses 20 a 30 fois plus 
fortes etaient necessaires par voie orale par rapport a la voie nasale sans toutefois engendrer 
des effets secondaires. 

La biodisponibilite de la dDAVP a ete etudiee chez le volontaire sain, dans une etude 
pharmacocinetique (elude III), en comparani les dosages de la dDAVP plasmatique apres 
administration intraveineuse, sous-cutanee, i.n., orale, sublingual et rectale. La 
biodisponibilite de la dDAVP apres administration i.n. et orale a ete evaluee a 3.4% et 0. 1 % 
respectivement. La biodisponibilite par voie orale etait plus faible que precedemment decrite. 
Les taux plasmatiques de la dDAVP ne s'elevaient pas apres administration sublingual ou 
rectale, mais de faibles concentrations etaient retrouvees dans les urines des 24 heures. 
La degradation des hormones posthypophysaires et analogues a ete etudiee lors d'incubation 
dans le sue gastrique et intestinal et en presence de micro-villosites de la bordure en brosse 
de l'intestin grele ou de membranes plasmiques de l'estomac, du rectum et du colon 
(etude I). 
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L'AVP a ete metabolise tres rapidement dans le sue intestinal non dilue au niveau de la partie 
distale de l'ileon. La degradation de la dDAVP a ete importante, mais plus lente et pH- 
dependante surtout, au niveau de l'ileon. Cette dermiere a ete inhibee par l'adjonction d'un 
inhibiteur enzymatique, I'aprotinine. Parmi les peptides uterotoniques testes, les formes 
amides etaient plus stables que les formes acides. La molecule d'oxytocine deaminee en 
position 1 possedant de plus un L-Tyr substkue par un D-Tyr (Et) en position 2 dans la 
structure cyclique, s'est montree resistante envers la chymotrypsine. 

Lors de l'incubation dans les membranes micro-villositaires, I' A VP et l'oxytocine n'ont ete 
metabolises qu'apres 180 minutes et qu'en presence de glutathion reduit, alors que les 
analogues synthetiques ont ete stables dans les memes conditions. Ainsi, la degradation 
enzymatique de l'AVP, de l'oxytocine et de leurs analogues se situe essentiellement dans le 
sue intestinal et non au niveau de la membrane epitheliale qui constitue cependant une 
barriere physique importante au transport des peptides. 

Lors de l'incubation dans des membranes micro-villositaires renales humaines (etude II), la 
dDAVP etait stable, alors que l'AVP, l'oxytocine et la [Mpa'-DTyr 2 , Thr\ Om 8 ]-oxytocine 
(antocine) etaient degrades de facon differente et rapidement metabolises en presence de 
glutathion reduit. Aucune degradation peptidique n'a ete observee lors de l'incubation dans 
des membranes purifiees hepatiques, alors que lous les peptides testes, sauf l'antocine, 
etaient degrades lors de l'incubation dans des homogenats cellulaires. La degradation 
hepatique parait ainsi intracellulaire plutot que membranaire. 

Finalement, dans 1'etude V, la biodisponibilite de la dDAVP administree avec ou sans 
aprotininedans le duodenum a ete etudie chez des volontaires sains. La biodisponibilite de 
la dDAVP, apres administration directe duodenale, etait similaire a celle obtenue apres 
administration de comprimes (etude III) et elle etait augmentee cinq fois lors de la co- 
administration d'un inhibiteur enzymatique. 
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FERING TUPFA ADING (Summary in Frisian) 

Hii ahormoone faan a baeftlaap faan a branjknoop an hog analooge fooraal l-deamino-8-D- 
arginine-vasopressin (dDAVP), uun humaan weew, bi siinj mensken an bi patienten ma 
hypothalamisk diabetes insipidus apnimen an deelbreegan word, as onersooght. 
AVP, wat uun unfertanet tiareminholt inkubiiret wiar, wiar uun 30 minuuten metabolisiiret, 
widjert dDAVP extensiver, man uk suutjiser uun ferskelig dialen faan a tiarem, fooraal uun't 
ileum deelbreegen word. At deelbreegen word hemet, wan a ileuminholt iarst ma a 
enzymhemer Aprotinin inkubiiret wiar. Da hir efekt wiar ufhingig faan a koncentration. Mad 
a uterotonsk peptiden san a C-terminal peptiden skiinboor muar stabiil iiiis a soringen. 
Deamination uun position 1 an substitution faan L-Tyr ma D-tyr (Et) uun position 2 faan 
oxytocins ringstruktuur ferhuugri a resistens jin chymotrypsin. 

Wan a naturelk peptiden AVP an oxytocin uun an homogenaat faan gastrointestinaal 
mikrovilli-membraanen faan a distal dial faan at ileum inkubiiret word, saan jo ban 180 
minuuten deelbreegen, uk wan reduciiret glutathion diarbi as. Synteelisk analoogen (dDAVP, 
Antocin, Carbetocin) wiar oner likedening bedingingen stabiil. Uun an mucosahomogenaat 
faan a maag kiid ham nian deelbreegen sa, widjert AVP uun't jejunum, uun at colon an at 
rektum suutjis deelbreegen word. 

Wan vasopressin, oxytocin an jar analoogen 180 minuuten loong m3 mikrovillimembraanen 
faan at Ienlaag inkubiiret word, wiar dDAVP stabiil, widjert AVP, oxytocin an [Mpa'-D- 
Tyr 2 (Et), Thr 4 , Orn s ]-oxytocin rask deelbreegen word, wan glutathion diarbi wiar. Al 
peptiden, biitj Antocin, wiar ban 180 minuuten deelbreegen, wan jo ma ra liwerhomogenaat 
inkubiiret wiar, dDAVP extensiver uiis AVP. Del skaet ej ma rensket plasmamembraanen. 
A proteolytisk aktivitet ferlept diaram iarer intracelular iius uun a membraanen. 
Efter intranasal administration faan dDAVP wiar 3%, an efter oral administration 0.1% 
biologiskdisponiibel. A biodisponibilitet faan dDAVP wiar efter direkt aplikation uun maag, 
duodenum an jejunum (0.2%) lik den efter ian tablet an signifikant huugher uiis efter direkt 
aplikation uun't ileum, colon an rektum (0.04%). Nian faan a boowenst segmenten faan a 
tiarem had an fdortooch faan a absorption. A biodisponibilitet faan dDAVP wiar efter direkt 
duodenal aplikation bi perfusion ma an enzyminhibitor 5sis so grat, wat a biduuding faan 
a proteolytisk tiaremenzymen for absorption faan dDAVP wiset. Uk wan a biodisponibilitet 
faan oral dDAVP Hag as, so feert at bi pediatrisk patienten ma diabetes insipidus tu an rask, 
deeg antidiures faan loong diiiir. A terapii ma oral dDAVP as an atraktiiv alternatiiv tu a 
intranasal administration. A dosiiring as oral 20 - 30sis so huugh iius intranasal, wat dach 
ej tu muar biwirkingen feert. 
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DEUTSCHE ZUS AMMENFASSUNG (Summary in German) 
Die Absorption und der Abbau der Hypophysenhinterlappenhorrnone, und einiger Analoge, 
insbesondere dDAVP wurde in humanem Gewebe, bei gesunden Menschen und bei Patienten 
mit hypothalamischem Diabetes insipidus untersucht. 

AVP, das in unverdiinntem Darminhalt inkubiert wurde, war innerhalb von 30 Minuten 
metabolisiert, wahrend dDAVP extensiver, aber langsamer, in verschiedenen Teilen des 
Darms, insbesondere im Ileum, abgebaut wurde. Dieser Abbau wurde in 
Koncentrationsabhangiger Weise gehemmt, wenn der En zymhemmer Aprotinin mit 
Deuminhalt vorher inkubiert wurde. Unter den uterolonischen Peptiden scheinen C-terminale 
Peptide stabiler zu sein als Sauren. Deamination in Position 1 und Substitution von L-Tyr 
durch D-Tyr(Et) in Position 2 der Ringstruktur des Oxytocins erhohen die Resistenz gegen 
Chymotrypsin. 

Wenn die naturlichen Peptide AVP und OT im Homogenisat gastrointestinaler Mikrovilli- 
Membranen vom distalen Teil des Ileums inkubiert wurden, wurden sie innerhalb von 180 
Minuten, auch in Gegenwart von reduziertem Glulathion, abgebaut. Synthetische Analogue 
(dDAVP, Antocin, Carbatocin) waren unter gleichartigen Bedingungen stabil. Im 
Mucosahomogenat vom Magen wurde kein Abbau gesehen, wahrend ein langsamer Abbau 
von AVP im jejunum, im Colon und im Rektum geschah. 

Wenn Vasopressin, Oxytocin und ihre Analoge 180 Minuten Iang mit humanen 
Mikrovillimembranen der Niere inkubiert wurden, war dDAVP stabil, wahrend AVP, 
Oxytocin und [Mpa'-D-Tyr^Et), Thr 4 , Orn 8 ]-Oxylocin in Gegenwart von Glutathion schnell 
abgebaut wurden. Alle Peptide, ausser Antocin, waren innerhalb von 1 80 Minuten abgebaut, 
wenn sie mit rohem Leberhomogenat inkubiert wurden, dDAVP extensiver als AVP. Dies 
geschah nicht mit gereinigten Plasma-membranen. Die proteolytische Aktivitat fand also 
eher intracellular statt, als in den Membranen. 

Nach intranasaler und oraler Administration von dDAVP wurden 3% bezwecks 0.1% als 
biologisch verfiigbar gefunden. Die Bioverfiigbarkeit von dDAVP war nach direkter 
Applikation in Magen, Duodenum und Jejunum (0.2%) ahnlich der nach Einnahme einer 
Tablette und signifikant hbher als nach direkter Applikation in Ileum, Colon und Rektum 
(0.04%). Keines der oberen Segmente des Darms zeigte eine besondere Absorption. Die 
Bioverfiigbarkeit von dDAVP nach direkter duodenaler Applikation war bei gleichzeitiger 
Perfusion eines Enzyminhibitors 5mal grosser, was die Bedeutung proteolytischer 
Darmenzyme fur die Absorption von dDAVP beweist. Trotz der sehr niedrigen 
Bioverfiigbarkeit, fiihrt orales dDAVP zu einer schnellen, kraftigen und andauernden 
Antidiurese bei padiatrischen Patienten mit Diabetes insipidus. Die Behandlung mit oralem 
dDAVP ist eine attraktive Alternative zur intranasalen Administration. Oral sind etwa 20 - 
30mal hohere Dosen notwendig als intranasal, was aber nicht zu einer Steigerung der 
Nebenwirkungen fiihrt. 



67 



SVENSK S AMMANFATTNING (Summary in Swedish) 
Absorption och metabolism av baklobshormonerna arginin-vasopressin (AVP), oxytocin och 
deras syntetiska analoger, i synnerhet l-deamino-8-D-arginin vasopressin (dDAVP) har 
studerats i olika vavnader fran manniska, hos friska frivilliga samt hos barn med 
hypothalamisk diabetes insipidus. 

Central eller hypothalamisk diabetes insipidus (DI), karakteriseras av ett kroniskt polyuri- 
polydipsi syndrom (bkad urinmangd och torst) och beror pS sankt produktion eller frisattning 
av vasopressin, som i sin tur beror pa olika patologiska tillstand i hypothalamo-hypofysara 
regionen. 

Behandling av central DI bygger pa substitutionsterapi med vasopressin, alternativt en 
analog av vasopressin namligen dDAVP, ett antidiuretikum med kraftfull och forlangd effekt 
som normalt tillfors intranasal* (i.n.). Derma syntetiska molekyl har fort med sig en 
forstarkning av den antidiuretiska effekten parallellt med en nastan upphavd vasopressiv och 
uterotonisk effekt. 

Tidigare var det allmant vedertaget att peptider inte kunde ga over mag- och 
tarmkanalbarriaren utan att brytas ner till fria aminosyror. Det har emellertid pavisats att 
dDAVP aven efter oral tillforsel behSller sin biologiska effekt dvs ar upptagen i intakt form. 

Behandling av barn med DI med oralt dDAVP var lika effektiv som med den intranasal 
formen (delarbete VI). Biotillgangligheten var dock mycket lag och man behovde orala doser 
som var 20 till 30 gSnger storre an de intranasal vilket dock inte 6kar biverkningama. 

Biotillgangligheten av dDAVP studerades i en farmakokinetisk studie hos friska frivilliga 
(delarbete III) efter intravenos (i.v.), subkutan, i.n., oral, sublingual och rektal tillforsel. 
Biologiska effekter mattes och plasma- och urinkoncentralioner av dDAVP bestamdes med 
en specifik RIA-metod. En signifikant okning av urinosmolalileten p&visades vid olika 
tillforselvagar, under upptill 8 timmar efter administrering, franselt efter sublingual och 
rektal tillforsel. Halveringstiden efter i.v. tillforsel var 78 ± 10 min. Biotillgangligheten av 
dDAVP var 3.4% efter intranasal tillforsel, och 0.1% efter oral tillforsel. Inga matbara 
plasmakoncentrationer noterades efter sublingual och rektal tillforsel, men laga 
koncentrationer pavisades i 24-timmarsurin. Man kan dra slutsatsen att dDAVP's 
biotillganglighet ar lagre efter oral tillforsel an som tidigare rapporterats. 

I delarbete IV har biotillgangligheten av dDAVP undersokts hos sex frivilliga. dDAVP 
tillfordes via sond till sex skilda avsnilt av gastrointestinalkanalen (ventrikel, duodenum, 
jejunum, ileum, kolon, rektum). Biotillgangligheten av dDAVP efter tillforsel till ventrikeln, 
duodenum och jejunum motsvarade vad som tidigare pavisats efter tillforsel i tablettform 
(delarbete ID). Absorptionert fran ileum var lagre an forvantat, och inget predilektionsstalle 
for absorption kunde pSvisas. 
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I delarbete I har nedbrytning av AVP, oxytocin (OT) och n&gra av deras syntetiska analoger 
studerats efter inkubation i ventrikelsekret, tarmsekret och vavnadshomogenisat fran olika 
avsnitt av gastrointestinalkanalen. En snabb nedbrytning av AVP pavisades i ospatt sekret 
fran ileum medan en betydande men l&ngsammare och pH- beroende nedbrytning skedde av 
dDAVP. En koncentrationsberoende hamning pavisades efter tillsats av protininhibitorn 
aprotinin. Nar peptidema inkuberades i homogenisat fran microvillimembran i ileum brots 
AVP och oxytocin forst ner efter 180 min och endast i narvaro av reducerat glutation. Den 
huvudsakliga enzymatiska barriaren mot intestinal absorption av vasopressin, OT och deras 
analoger firms allts§ i tarmsekret och inte i tarmmucosan som dock ar ett betydande 
fysikaliskt hinder for absorption. 

I delarbete II har metabolismen av OT, AVP och analogerna dDAVP och antocin studerats 
i homogenisat fran humana renala mikrovillimembran, och levermembran. dDAVP var 
stabilt i renala microvillimembran medan AVP, OT och [Mpa'-D-Tyr^Et), Thr\ Orn 8 ]- 
oxytocin uppvisade olika nedbrytningsvagar och brots snabbt ned i narvaro av reducerat 
glutation. Ingen nedbrytning sags nar peptidema inkuberades med homogeniserade humana 
levermembran, medan samtliga peptider utom antocin metaboliserades vid inkubation med 
orenad, homogeniserad levervavnad. Detta talar for att nedbrytningen i levern snarare ar 
intracellular an membranbunden. 

I delarbete V har slutligen biotillgangligheten av dDAVP tillfort med och utan 
enzyminhibitom aprotinin via duodenalsond till friska frivilliga studerats. Undersokningen 
visade att biotillg&igligheten av dDAVP efter direkt duodenal tillforsel av dDAVP 
motsvarar vad som tidigare pavisats efter tillforsel av tabletter, men biotillgangligheten rjkar 
5 ganger vid samtidig tillforsel av enzyminhibitom aprotinin. 
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ict of peptides as large as nonapeptides is very low, » 
aim of the present study was to investigate the stability 
(OT), and their synthetic analogues in ' 



tat brush-border membranes, and gastric, rectal, 
:nts from healthy volunteers and in human intes- 
nogenates. The extent of degradation was determined by reversed-phase high performance liquid chromatography 
(HPLC). AVP was rapidly degraded in the ileum fractions of the intestinal contents whereas 50% of the 
D-arginine vasopressin (dDAVP) remained intact after 35 min. The degradation was pH dependent, and a c 
inhibition was observed when aprotinin, a proteinase in' " ' 
AVP, dDAVP, or oxytocin analogues was observed in 
rather slowly degraded by intestinal microvilli membranes an 
essentially when reduced glutathione I0" 4 M was added to the 
absorption of OT, VP, and their analogues is present in 
major physical barrier to peptide transport. 



THERE is scant information on the stability and absorption of 
biologically active peptides in the gastrointestinal (GI) tract. It 
was demonstrated by Matthews et al. in 1969 in animals (16), 
and later in man ( 1 ), that di- and tripeptides could undergo in- 
testinal absorption by active mechanisms. The nonapeptide 1- 
deamino-8-D-arginine-vasopressin (dDAVP), used successfully 
intranasally in patients with central diabetes insipidus (DI) (2), 
was later shown to elicit antidiuresis after oral administration in 
conscious dogs (20), in normal healthy volunteers (21 ), and in 
diabetes insipidus patients ( 10). Buccal administration of oxy- 
tocin (OT) to pregnant women at term is followed by uterine 
contractions and increased plasma concentrations of oxytocin 
(6). 

The fact that bioactive peptides as large as nonapeptides can 
be absorbed by the GI tract is attractive from a therapeutic point 
of view. However, we know that the bioavailability of these pep- 
tides is very low and therefore this route of delivery is only fea- 
sible for highly potent substances. In a pharmacokinetic study 
comparing the intranasal and the oral routes of dDAVP admin- 
istration to children with DI a ratio of 1:20 was found between 
the two routes of administration (7). A pharmacokinetic study 
in healthy volunteers showed an oral bioavailability of 0. 1 % of 



dDAVP (8) and the absolute bioavailability of an aqueous so- 
lution of dDAVP administered in the jejunum was 0.2% (5). The 
metabolism of vasopressin and oxytocin in the GI tract in animals 
is not fully elucidated and in man it is more or less unknown. 
Improved stability of dDAVP compared to arginine-vasopressin 
(AVP) was shown in intestinal contents of the rabbit ( 17) and 
in pancreatic juice of the pig ( 13). 

The present study was undertaken to study the stability of the 
neurohypophyseal hormones (AVP and OT) as well as some of 
their synthetic analogues in human intestinal contents and brush- 
border membranes from the GI tract. Information gained from 
such studies is essential for the development of degradation-re- 
sistant peptides for oral delivery. 



Peptides and Chemicals 

The molecular structures and abbreviations of the investigated 
peptides are shown in Table 1. All unlabeled peptides were syn- 
thetized by solid-phase method (Ferring Pharmaceuticals, 
Malmo, Sweden) and had a chromatographic purity of > 98%. 
A large spectrum proteinase inhibitor, aprotinin, was obtained 
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TABLE 1 

UTEROTONIC PEPTIDES AND VASOPRESSIN ANALOGUES 
USED IN THE PRESENT STUDY 



Ulerotorac Peptides 
CAP-OH 

desGly-NH,-CAP 
6-Carba-desGly-CAI 



Mpa-D-Tyr(E0-lle-Thr-Asn-Cys-Pro-Om-Gly-NH, 

Mpa-D-Tyr(Et)-lle-Thr-Asn-Cys-Pro-Om-Gly-OH 

Mpa-D-Tyr(Et)-!le-Thr-Asn-Cys-Pro-DArg-Gly-NH : 

Mpa-D-Tyr(El)-lle-Thr-Asn-Cys-Pro-Orn-NH, 

Mpa-D-Tyr(Et)-Ile-Thr-Asri-Cys-Pro-Orn-OH 

Mpa-D-Tyr(Et)-Ile-Thr-Asn-Abu-Pro-Orn-NH, 

Bua-Tyr(Me)-lle-Gln-Asn-Cys-Pro-Leu-Gly-NH, 

Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH, 

Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly-NB> 

Mpa-Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg-Gly-NH, 

Mpa-Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg-NH, 



from Boehringer Mannheim. Glutathione (reduced form) and a 
specific chymotrypsin inhibitor (chymostatin) were purchased 



Preparation of juice and intestinal contents. Four healthy 
male volunteers, aged 20-32 years, participated in the study after 

Hospital Ethics Committee. Each volunteer canuMo the investi- 
gation unit at 1600 h after a 8-h fasting period. A tube was in- 
troduced intranasally after local anaesthesia with xylocaine and 
the correct location of the tube was ascertained by fluoroscopic 
control. Gastric juice was collected from the fasting participants 
the same afternoon. Thereafter, one standardized meal was given 
1 h before sampling of duodenal and distal jejunal contents and 
another the next morning 2 h before the distal ileal contents col- 
lection. After centrifugation the gastric juice and intestinal con- 
tents were frozen in aliquots of I ml and stored at -20°C. 
Degradation in gastric juice or intestinal contents. The deg- 

assessed by adding lO^f 10 mil peptide in 0.9% NaCl to 190 
/xl undiluted juice. The reaction was allowed to proceed at 37°C. 
Aliquots (25 /d) were withdrawn at intervals and mixed with 
100 p\ acetone to stop the reaction. After centrifugation for 10 
min at 10,000 X g, 10 pi of the supernatant was analyzed 
by reversed-phase high performance liquid chromatography 
( HPLC ) . The effects of increasing amounts of enzyme inhibitors 
were examined under reaction conditions in intestinal contents 
from the ileum. 

Determination of peptide degradation: The extracted samples 
were analyzed using an HPLC system consisting of a Varian 
5000 apparatus equipped with a Varian UV-100 detector, Rheo- 
dyne Model 7125 injector, and Varian 4290 integrator. Mobile 
phases were filtered through 0A5-p.m filters (Schleicher & 
Schuell). The peptides were chromatographed isocratically in a 
system of MeOH/0.025 M ammonium acetate on a p.- 
Bondapak™ C18 (3.9 X 300 mm) chromatographic column and 
a /^Bondapak™ C18 guard column. The flow rate was 1 ml/min 
and UV absorbance was determined at 220 nm. 

pH and protein determination. The pH measurements were 
performed with Orion pH meter, model SA720. and pH paper 



(Merck), special indicator pH 4.0-7.0. Protein determinations 
of gastrointestinal juice were made with Bio-Rad protein assay. 

Brush-Border and Plasma Membranes 

Tissue sampling. Small fractions ( 10 X 30 mm) of intestinal 
epithelium from various parts of the gastrointestinal tract were 
collected in patients undergoing surgery for localized tumors. 
Tissue was obtained from the stomach, the proximal segment of 
the jejunum and the distal part of the ileum, from the proximal 
segment of the colon, and from the rectum, and was stored at 
-70°C until required. 

Preparation of membranes. Human intestinal microvilli 
brush-border membranes were prepared according to the method 
described by Booth and Kenny (3). Briefly, the frozen gastric or 
i i li sue specimens were thawetfat room temperature and 

isotonic saline. Tissue ( 1 cm 2 ) from jejunum and ileum was ho- 
mogenized (Polytron model PT 10/35 Kinematica) for 3 X 9 s 
in 20 ml ice-cold Mannitol ( 10 mM)Tris-HCl (2 mAf, pH 7.10, 
4°C). Solid MgCl,, 6H 3 0 was added to give a concentration of 
10 mM and the homogenate was then stirred occasionally for 15 
min in an ice bath. The homogenate was thereafter centrifuged 
(1500 X g, 15 min, 4°C). From the jejunum and the ileum two 
pellets, respectively, were resuspended in 20 ml buffer (Manni- 
toI-Tris-MgCI,) and were homogenized and centrifuged (2200 
X g , 1 5 min, 4°C ) . Then the supernatant was centrifuged ( 1 5,000 
X g, 15 min, 4°C) and the final pellet from each centrifugation 
was resuspended in 5 ml buffer and briefly homogenized. Mem- 
branes were stored in aliquots at -70°C. Protein content of the 
membranes was measured according to Lowry et al. (12). The 
purity of the final membrane pellet was determined by measure- 
ments of membrane markers such as alkaline phosphatase (9) 
and a lysosomal marker ( cathepsin B ) , 

Tissue from the stomach and the colon was homogenized as 
described above. The homogenate was centrifuged ( 2000 X{,5 
min, 4°C), the supernatant was ultracentrifuged (Beckman, 
100,000 X g, 45 min, 4°C). The pellet was then briefly homog- 
enized in buffer containing 0.5 M NaCl and ultracentrifuged as 
above. The final pellet was resuspended in 4 ml buffer and ali- 
quots were stored at -70°C. Tissue from the rectum was ho- 
mogenized as previously described and thereafter centrifuged 
twice for 2 h (48,000 X g, 4°C). 
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TABLE 2 



GASTRIC JUICE AI 




Degradation in human intestinal brush-border and plasma 
membranes. AVP, dDAVP, oxytocin, carbetocin, and [Mpa',D- 
Tyr ! (Et),Thr J ]oxytocin (Table I ) were dissolved in a medium 
consisting of 100 itiM Tris-HCl containing 150 mM NaCI at pH 
7.4. The incubation mixture consisted of 1-10 p.% membrane 
protein and 10"" M of peptide in a final volume of 100 pX. To 
half of the incubations, a cofactor (glutathione 10" 4 M) was 
added, which is removed in the microvilli membrane purification 
step ( 16). The incubations, in duplicate, proceeded at 37°C in a 
rotating water bath and after 0, 30, and 180 min the reaction was 
stopped by boiling for 5 min followed by centrifugation. 

Determination of peptide degradation. Peptides were identi- 
fied by HPLC employing a KONTRON HPLC pump 420 
equipped with an autosampler, and UV detector 430 and a 
KONTRON 460 integrator. Mobile phases were filtered through 
0.45-/im filters (Schleicher & Schuell). 

The column ( M Bondapak™ C18, 300 X 3.9 mm, Waters Inc., 
Milford, MA) was equilibrated in 0.1% trifiuoroacetic acid 
(TFA, Kebo Lab) in water. The bound peptides were eluted 



UV detection at 220 nr 



Degradation of dDAVP in Gastric Juice and Intestinal 

The pH and protein content of the gastric juice and intestinal 
contents are shown in Table 2. When dissolving dDAVP in the 
different gastrointestinal juices, a considerable degradation was 
found to occur in the ileum fractions from subjects No. 2, 3, and 
4 (Fig. 1 ). After approximately 35 min 50% of the peptide re- 
mained intact. No degradation was seen in the other fractions or 
in the gastric juice. The degradation was faster in a fresh speci- 
men of intestinal contents than in a sample stored at -70°C for 




Time (min) 

i seen when incubated in human intestinal conter 
:n from the lower part of the jejunum, pH 4.7). 
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apidly and completely de 



also occur in these fractions (Fig. 2). When lowering the pH to 
4.0 in the ileum fraction, no degradation was seen. A concentra- 
" ")ition was observed when aprotinin was 
>ntents from the ileum (Fig. 3). A similar 
innioition was obtained with a more specific enzyme inhibitor 
(chymostatin). 

Stability of Different Peptide Analogues in Human Intestinal 
Contents 

The peptides (Table 1, lower panel) were incubated under the 
same reaction conditions with intestinal contents from the ileum 
(subject 2). The results show a marked difference in the stability 
between AVP and dDAVP (Fig. 4). AVP was completely de- 
graded within 30 min. 

When comparing some uterotonic peptides (Table 1 ), C-ter- 
minal amides seem to be more stable than acids (Fig. 5 ). When 



analyzing the samples on HPLC, new and more hydrophilic 
peaks were observed in parallell with the disappearance of the 
original substances. The peptide ring, which consists of the first 
six amino acids in CAP with an amide in position six and a 
sulphur bridge between Mpa 1 and Cys* seemed to be stable in 
ileal contents (from subject 3). 



is by Gasl 



il Brush-Border and 



All membrane preparations showed an enrichment of alkaline 



(X5.1), proximal jejunum ( X7.4), distal ileum (X 10.3), colon 
(X2.3), and rectum (X5.2). Cathepsin B was undetectable, in- 
dicating absence of intracellular enzymes. Figure 6 represents a 
typical chromatogram of AVP incubated with homogenized ileal 
mucosa in the presence of glutathione during 180 min. No sig- 
nificant degradation was apparent until after 180 minutes. 
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In the presence of glutathione there was a degradation of oxy- 
tocin in the distal part of the ileum after 180 min. Metabolism 
was negligible when OT was incubated without glutathione with 
homogenized jejunal and ileal mucosa homogenates (Table 3). 

There was a degradation of AVP and dDAVP in the presence 
of glutathione in the homogenized jejunal brush-border 
membrane occurring at 30 min. There was also a degradation 
occurring at 180 min in the presence of glutathione of AVP, 
dDAVP, and antocin in the rectal mucosa homogenates. 

In the colon there was also a considerable degradation of AVP 
in the presence of glutathione where 40% of the initial peptide 
concentration is present after 30 min. Under the same conditions 
no degradation of AVP, dDAVP, or oxytocin analogues was ob- 
served in the mucosa homogenate from the stomach. 



Earlier studies have demonstrated a rapid degradation of AVP 
in intestinal contents from ileum in rabbits, occurring within 5 
min, although dDAVP was stable under the same conditions 
( 17). AVP incubated in pancreatic juice from pigs (preactivated 



completely degradated within 5 min 
whereas dDAVP remained stable for 60 min (13). The results 
from the present study in humans are slightly conflicting because 
a pH-dependent degradation of dDAVP was seen in undiluted 
intestinal contents collected from different parts of the small in- 
testine, indicating an enzyme-dependent degradation. It is well 
known that DDAVP and related peptides are more stable at acidic 
pH. To assess this in more detail, the ability of aprotinin (a potent 
large spectrum proteinase inhibitor) to inhibit the degradation of 
dDAVP intestinal juice from ileum was investigated. A concen- 
tration-dependent inhibition was observed. Depending on the lo- 
cal pH in the small intestine the degradation of dDAVP might 

These results are in line with previous findings, which showed 
that antidiuretic (AD) activity of AVP was eliminated by trypsin 
and a-chymotrypsin, whereas the AD activity of dDAVP was 
only partly destroyed by a-chymotrypsin and unaffected by tryp- 
sin ( 15). Trypsin prefers to cleave L-Arg or L-Lys bonds in pep- 
tides, but dDAVP has a D-Arg instead of L-Arg in position 8, 
which explains the increased stability against trypsin. Oxytocin 
is not attacked by trypsin but may be susceptible to cleavage at 
several peptide bonds. These include Tyr 2 -I!e\ which are targets 
for chymotryptic activity, and Leu*-Gly", susceptible to chy- 
motrypsin and elastase activity ( 1 9). There are several analogues 
of oxytocin where modifications of the peptide sequence have 
been made at positions 1 , 2, 4, 8, and 9. In one analogue, a carba 
group was substituted for sulphur at position six of the ring struc- 
ture (Fig. 5). This modification did not lead to an increased sta- 
bility against GI enzymes. Deletion of a C-terminal amide in 
favor of the free acid reduced the enzymatic stability. Ornithine 
at position 8 increased the resistance to tryptic cleavage whereas 
a o-Arg residue at this position completely abolished degrada- 
tion. Furthermore, it is likely that the modifications made in the 
ring structure of the oxytocin molecule, namely deamination at 
position 1 , and substitution of L-Tyr with o-Tyr (Et) at position 
2, increased the resistance to chymotryptic attack. 

In the present study, the natural peptides AVP and oxytocin 
were found to be rather slowly degraded by intestinal microvilli 
membranes or gastric, colonic, and rectal plasma membranes. 



degradation is indicated (min). 
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which could be due 10 a number of enzymes like amino peptidase, 
endopeptidase 24.11 (18), and thiol :prolein-disulfide oxidore- 
ductase, which reduces disulfide bonds (4). The OT analogue 
carbetocin was not degraded, indicating stability towards amino 
peptidases. Another OT analogue ( antocin ) was more stable than 
DDAVP in intestinal microvilli membranes. Preliminary results 
indicate a higher absorption of antocin than DDAVP from the 
small intestine in pigs (unpublished results). Incubation in mu- 
cosal brush-border membranes showed degradation of AVP in 
the presence of glutathione in the distal pan of the ileum occur- 

evident at 30 min. Although the activity of alkaline phosphatase 
was assessed in the mucosa preparations, the peptidase activity 
could vary depending on age and various diseases. 

Both AVP and dDAVP were previously incubated with the 
human colorectal carcinoma cell line Caco-2 and were found to 
be intact after 180 min ( 14). This cell line differentiates into an 
enterocyte-like epithelium but the enzymatic expression of Caco- 
2 cells may be different from a normal small intestine epithelium 
(II). 

This indicates that thiohprotein-disulfide oxidoreductase re- 
quiring glutathione may be involved in the degradation of AVP 



in the intestinal mucosa in parallel with observations in kidney 
proximal tubule (4). 

In conclusion, the degradation of dDAVP is relatively slow 
compared with AVP in intestinal contents, and the molecule is 
stable in the absence of bilio pancreatic enzymes when exposed 
to mucosal intestinal membrane enzyme activities. Data in this 
study indicate that the major enzymatic barrier to intestinal ab- 
sorption of oxytocin and vasopressin and their analogues is pres- 
ent in the intestinal contents and not in the mucosa, which, how- 
addition to epithelial permeability studies these degradation ex- 
periments provide valuable tools for evaluating peptides prior to 
costly and time-consuming in vivo studies. 
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Summary 

Information regarding the metabolic fate of the neurohypophyseal hormones arginine 
vasopressin (A VP), oxytocin (OT) and their analogues in man is practically non-existent. 
The aim of the present study was to investigate the stability of oxytocin, vasopressin and 
their analogues, dDAVP and [Mpai-D-Tyr2(Et), Thr4, Orn8]-oxytocin (antocin) in human 
renal microvilli brush border membranes and in human liver membranes. 
After incubation the extent of degradation of the peptides was determined by reversed 
phase high-performance liquid chromatography (HPLC). The degradation of both AVP 
and OT was rapid in the presence of reduced glutathione and human renal microvilli 
membranes. AVP, as well as dDAVP, was stable when incubated with microvilli membranes 
without reduced glutathione, while OT was metabolized. The metabolization of the 
oxytocin analogue, antocin, also varied with the presence of reduced glutathione. While in 
the absence of reduced glutathione a more lipophilic peak eluted, a more hydrophilic peak 
was observed on HPLC in the presence of glutathione. The lipophilic peak was found to 
coelute with the truncated analogue [Mpa 1 , D-Tyr2 (Et), Thr 4 , desOrn8, desGly9]-oxytocin. 

No degradation occurred when the peptides were incubated with liver plasma membranes. 
However, when using crude, unpurified liver homogenate degradation occurred for all 
peptides except antocin. The degradation of AVP in the human unpurified liver 
homogenate was slower than in the renal microvilli membranes. Similarly OT was more 
rapidly degraded in human kidney microvilli membranes in the presence of reduced 
glutathione than in the human crude liver homogenate, when using equal amounts of 
protein in the incubations. Thus the present investigation indicates the existence of two 
possible metabolic pathways, in kidney microvilli, one for OT, which did not require the 
presence of reduced glutathione, and one for AVP, which required the presence of reduced 
glutathione. Liver degradation, on the other hand, requires uptake into the hepatocytes. 
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Introduction 

There is scant information regarding die metabolic fate of the neurohypophyseal hormones 
arginine vasopressin (A VP) and oxytocin (OT) and their synthetic analogues. Most studies 
have been carried out in experimental animals and practically no data is available in man. 
The distribution of tritium-labelled A VP (1) and dDAVP (2) has been determined in rat 
studies where it was found that the largest amount of radioactivity had accumulated in the 
small intestine, liver and kidney. Beyond elimination by biliary and urinary clearance, the 
peptides might thus be metabolized in these organs. Previous work was mainly based on 
the use of kidney homogenate together with these peptides (3). Proposed mechanisms of 
hormone degradation have been forwarded (4, 5). The degradation of AVP by the proximal 
tubule of the rat was described in a detailed study by Carone et al in 1987 (6). According 
to these findings AVP was metabolized both by isolated brush-border membranes and by a 
cortical lysosomal fraction which in vitro required the presence of reduced glutathione. 1- 
deamino-8-D-arginine vasopressin or dDAVP, a long-acting nonapeptide, analogue of AVP, 
has been used administered intranasally with success in central diabetes insipidus (DI) for 
more than two decades (7). Using a specific radioimmunoassay for measurement of plasma 
dDAVP it has been shown that the intact peptide can be transported through the intestinal 
mucosa in man (8). A recent study indicates that the major enzymatic degradation of OT, 
AVP and their analogues occurs in the intestinal juice and not in the mucosa which 
constitutes, however, a major physical barrier to peptide transport (9). Furthermore, after 
oral administration dDAVP elicits an antidiuretic effect in hydrated human volunteers and 
in patients with DI (10-12). An antiuterotonic oxytocin analogue, [Mpai-D~Tyr2(Et), Thr-*, 
Orn8]-oxytocin (antocin) is effective in the treatment of premature labor (13-15), It is 
therefore important to gain insight into molecular modifications that might improve the 
stability of oxytocin and vasopressin in order to facilitate both penetration through 
mucosal barriers, intestinal and renal, and improve post absorptive stability. 

In the present study we report some data on the stability of oxytocin and vasopressin and 
on their analogues dDAVP and [Mpal- D-Tyr2(Et), Thr* Orn8]-OT (antocin) in human renal 
microvilli brush-border membranes, and in human liver membranes. 

Key words: glutathione, membranes, microvilli brush-border, neurohypophysis 
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Materials and Methods 

Peptides and chemicals 

The molecular structures and abbreviations of the investigated peptides are shown in Table 
1 . All peptides were synthetized by solid phase method (Ferring Pharmaceuticals, Malmo, 
Sweden), and had a chromatographic purity of > 98%. Glutathione (reduced form) was 
purchased from Sigma. 

Tissue sampling 

Kidney tissue was obtained from one male patient with unilateral adenocarcinoma. After 
removal, the kidney was immediately bisected and chilled on ice. Cortical tissue, from a 
healthy section of the deceased kidney, which appeared macroscopically intact was 
dissected free from medulla, connective and fat tissues and was thereafter stored at -70°C 
until required. Liver tissue was obtained at the time of transplantation from a male person 
who had died in an automobile accident. The tissue was cut into pieces that were stored at 
-70°C until required. 

Preparation of membranes 

Human renal microvilli brush-border membranes were prepared according to the method 
described by Booth and Kenny (16). Briefly, the frozen renal specimen was thawed at 
room temperature and then cut into small pieces and homogenized (Polyrron model PT 
10/35 Kinematica) for 3 x 9 s in 100 ml ice-cold Mannitol (10 mM) Tris HC1 (2 mM, pH 
7.10, 4°C). Solid MgCh, 6H2O was added to give a concentration of 10 mM and the 
homogenate was then stirred occasionally for 15 min in an ice bath. The homogenate was 
thereafter centrifuged (1,500 g, 15 min, 4°C) and the supernatant was cenrrifuged a first 
time at high speed (15,000 g, 15 min). The pellets were resuspended in 100 ml buffer 
(Mannitol-Tris-MgCb) and homogenized and centrifuged (2,200 g, 15 min, 4°C). Then the 
supernatant was cenrrifuged (15,000 g, 15 min, 4°C) and the final pellet was resuspended 
in 5 ml buffer and briefly homogenized. Membranes were stored in aliquots at -70°C. 
Human liver membranes were prepared according to a method described by Postel-Vinay 
et al. (17). The frozen liver specimen was thawed and homogenized (Polytron model PT 
10/35 Kinematica) for 30 s in ice-cold Tris (10 mM), NaCl (0.5M), pH 7.40, 4°C. The 9,000 
g (30 min) supernatant was centrifuged twice at 100,000 g for 60 min. Membranes were 
stored in aliquots at -70°C. Protein content was measured according to Lowry et al. (18). 
Crude liver homogenate was homogenized as above and was then ultracentrifuged twice 
(Beckman, 100,000 g for 60 min at 4°C). The pellet was resuspended in 12 ml TrisNaCl and 
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the homogenate was stored in aliquots of 500 |xl at -70°C. The purity of the final 
membrane pellet was determined by measurements of membrane markers such as alkaline 
phosphatase (19). 

De gradation in human kidney cortex microvilli and human liver membranes 
AVP, dDAVP, oxytocin and antocin (Table 1) were dissolved in a medium consisting of 100 
mM Tris-HCl containing 150 mM NaCl at pH 7.4. The incubation mixture consisted of 1 - 
10 Jig membrane protein and 10-4M of peptide in a final volume of 100 Samples were 
prepared in duplicate. To half of the incubations, a cofactor (reduced glutathione lO-^M) 
was added, which has been shown to be removed in the membrane purification step (6). 
The incubations proceeded at 37°C in a rotating waterbath and after 0, 30 and 180 min the 
reaction was stopped by boiling for 5 min followed by centrifugation. 

Determination pf peptide degradation 

Peptides were identified by HPLC employing a KONTRON HPLC-pump 420 equipped 
with an autosampler, and UV detector 430 and a KONTRON 460 integrator. Mobile 
phases were filtered through 0.45 p.m filters (Schleicher & Schuell). 
The column (uBondapakTM c 18 , 300 x 3.9 mm, Waters Inc, Milford, Ma, USA) was 
equilibrated in 0.1% trifluoroacetic acid (TFA, Kebo Lab) in water. The bound peptides 
were eluted isocratically in a system of acetonitrile (Lab Scan) containing 0.1% TFA. A 
flow rate of 1 ml/min was used with'UV detection at 220 nm. Besides synthetic standards 
the metabolite [Mpal, D-Tyr2 (Et), Thr*, desOrn8, desGly9]-oxytocin was utilized as a 
standard in the same HPLC system. The recovery of peptide standards injected into the 
system was 100 %. 

Peptide sequencing 

Sequence data were obtained on an automated pulsed-liquid sequencer (Applied 
Biosystems Model 477 A). Samples from the HPLC fractionations of AVP and oxytocin 
were used for sequencing, without prior reduction or alkylation. Gaps in the sequence 
were interpreted as cysteine since this amino acid cannot be detected by the method used. 
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Results 

All membrane preparations showed high concentrations of alkaline phosphatase compared 
to the crude homogenate: kidney microvilli (x 7.0) and liver membrane (x 3.0). The liver 
crude homogenate containing 14.0 mg/ml protein had an alkaline phosphatase 
concentration of 226 U/l. 

The degradation of both A VP and oxytocin was rapid when incubated with renal microvilli 
membranes together with glutathione (Fig. 1). Without reduced glutathione no 
degradation of A VP occurred whereas oxytocin was metabolized yielding a more 
hydrophilic peak (Fig. 2). Due to the rapid metabolism of oxytocin in the presence of 
reduced glutathione only two fragments could be sequenced (Table 2). Similarly, due to 
the rapid metabolism of AVP in the presence of reduced glutathione only two fragments 
could be observed as well for AVP (Table 2). dDAVP remained stable when incubated with 
renal microvilli membranes. The oxytocin analogue, antocin, also exhibited a different 
degradation with or without reduced glutathione (Fig. 3). In the absence of reduced 
glutathione a peak eluted on HPLC which was more lipophilic (Fig. 3), whereas in the 
presence of reduced glutathione a more hydrophilic peak was observed. The lipophilic 
peak was found to coelute with the shortened analogue [Mpal, D-Tyr2(Et), Thr4, desOm8, 
desGly9]-oxytocin. This peak was also observed, although to a very limited extent, in the 
presence of reduced glutathione. The hydrophilic peak was not identified. 
There was no degradation of any of the peptides when incubated with liver plasma 
membranes with or without reduced glutathione. However, when incubating the peptides 
in crude liver homogenate, degradation was observed for all peptides except antocin (Fig. 
4). The rate of degradation was not very different for oxytocin, AVP and dDAVP. 
The degradation of AVP in the human unpurified liver homogenate was slower than in the 
renal microvilli membranes. Similarly OT was more rapidly degraded in human kidney 
microvilli membranes in the presence of glutathione than in human crude liver 
homogenate. 

Fig. 5 shows HPLC chromatogram of the degradation of AVP, dDAVP and OT incubated in 
human crude liver homogenate. 
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Discussion 

Although the neurohypophyseal hormones AVP and oxytocin were among the first 
peptides to be sequenced and synthetized, information regarding their metabolic fate in 
man has been lacking. An in vitro inactivation study using rat kidney and liver 
homogenates showed that 70% of the AVP was inactivated by the liver and kidney at 30 
min, while no more than 20% of the dDAVP was inactivated by the liver homogenate and 
little by the kidney homogenate (20). A comprehensive study of AVP metabolism in rat 
kidney showed that glutathione was required as a cofactor (6). It was found that AVP was 
degraded at both the C and N-terrninus as well as by disulphide bond cleavage. Both AVP 
and oxytocin were incubated with pig kidney microvilli membranes without glutathione 
(21). Under these conditions AVP was resistant to hydrolysis whereas oxytocin was slowly 
degraded by cleavage of the Pro7-Leu8 bond. The principal degrading organs for AVP and 
oxytocin are the liver and the kidney (22). Both organs contain vasopressin-receptors, the 
liver the Vj receptor subtype and the kidney the V2 receptor subtype. 
In the present study AVP and oxytocin and their analogues dDAVP and antocin were 
incubated with human kidney microvilli membranes. The course of degradation was 
different depending on whether or not reduced glutathione was present. Glutathione is 
removed in the process of membrane purification and must be added in in vitro 
experiments. In vivo glutathione may play a role for the initial splitting of disulfide bonds 
by reduction (23). Without reduced glutathione degradation appeared to be slower and 
the mechanism different. The fact that AVP was almost stable without reduced glutathione 
whereas oxytocin was degraded could be due to the action of the membrane-bound 
enzyme endopeptidase 24.11 (21) which attacks hydrophobic peptide bonds (24) and not 
to the post-proline enzyme described by Walter and Simmons (5) whose location is 
intracellular. Such a lipophilic bond is present in oxytocin at Pro?-Leu8 but not in AVP. 
However, a cleavage at this site was also found in antocin which is more structurally similar 
to AVP at the C-terminus(Pro7-Orn8). It could be that the alignment of this, more modified, 
molecule permits the attack of another enzyme. AVP, oxytocin and antocin were more 
actively degraded in the presence of reduced glutathione whereas dDAVP was found to 
be stable. This finding confirms the data of Carone et al (6) suggesting the activity of a 
glutathione-dependent oxidoreductase. The fragments identified by peptide sequencing 
were also originating from the peptide ring structure (Table 2). Their composition suggests 
that other enzymes also must have been involved. In fact, initial splitting of the Cysi-Cys6 
disulphide bond seems to facilitate degradation by other enzymes. We have no 
explanation for the high stability of dDAVP in renal membranes. In man, the plasma 
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clearance of this analogue is only marginally different from that of the more modified 
analogue antocin (25, 26). Perhaps the presence of D-Arg8 conveys a greater overall 
stability to the molecule. 

When incubating the peptides with purified liver plasma membranes no degradation could 
be observed. The reason for this is not clear. It is well known that most of the metabolic 
activity in the liver is present in the lysosomal and microsomal subcellular compartments. 
An enzyme of aminopeptidase specificity which inactivates oxytocin has been isolated 
and characterized in primate liver microsomes and lysosomes (27). It is possible that 
oxytocin and AVP undergo receptor - mediated endocytosis with subsequent intracellular 
metabolism (28). This is supported by findings in the rat for AVP (29) and for dDAVP in 
pigs (30) where significant amounts of peptide were removed in liver perfusion 
experiments. In humans the plasma clearance of AVP was prolonged by steady-state 
infusion in cirrhotic patients (31). 

To summarize, AVP and oxytocin, showed different susceptibility to degradation in human 
kidney microvillar membranes and liver plasma membranes. In the liver, degradation only 
took place in the presence of whole cellular components. 
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Legends to figures 



Fig. 1. HPLC chromatogram of vasopressin (AVP) and oxytocin incubated in human 
kidney microvilli brush-border membranes in the presence of reduced 
glutathione for 1 80 minutes showing a rapid degradation of both peptides and 
appearance of hydrophilic metabolites. The retention times are indicated on 
the top of each peak [TO = 0 time, T+30 = 30 min, T+l 80 = 1 80 min]. 



Fig. 2. Important degradation of oxytocin was seen when incubated in human 

kidney microvilli brush-border membranes without the presence of reduced 
glutathione at 180 min. In addition to the main metabolite of oxytocin (M) two 
minor hydrophilic peaks are unidentified. The retention times are indicated in 
the figure. 



Fig. 3. HPLC chromatogram obtained from incubation (180 min at 3TC) of Antocin 
with human renal microvilli membranes in the absence of reduced glutathione 
(10-4M) showing a lipophilic metabolite at 30 and 180 minutes. The retention 
times of antocin and metabolite as standards are indicated in the figure [TO = 0 
time, T+30 = 30 min, T+180 = 180 min]. 



Fig. 4. Degradation of AVP (filled circle), dDAVP (hollow circle), OT (triangle) and 
Antocin (cube) incubated in crude liver homogenate for 180 minutes. 

Fig. 5. HPLC chromatogram of AVP, dDAVP and oxytocin incubated in human 

unpurified liver homogenate for 180 minutes at 37°C showing a degradation 
of all three peptides and appearance of a hydrophilic metabolite at 30 and 180 
minutes of oxytocin. The retention times are indicated in the figure [TO - 0 
time, T+30 = 30 min, T+180 = 180 min]. 
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Table 1. Amino acid sequences of the peptides used for metabolism studies with 
disulphide structures indicated. 



Peptide 


Amino acid sequence 


Oxytocin 


Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-GlyNH 2 
L-s S— 1 


Antocin 
AVP 


Mpa-D-Tyr(Et)-Ile-Thr-Asn-Cys-Pro-Orn-GlyNH 2 
L-s s— J 

Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-GlyNH 2 
1 s s 1 


dDAVP 


Mpa-Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg-GlyNH 2 
L-s S— 1 



Mpa = Mercapto propionic acid 
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Table 2. Amino acid sequences of fragments of oxytocin and AVP obtained after 
incubation in human kidney microvilli membranes in the presence of 1(MM reduced 
glutathione. T r denotes retention time on HPLC. 



T r Peptide sequence 

Oxytocin 4 Ile-Gln-Asn-Cys 

8 Cys-Tyr-Ile-Gln-Asn-Cys-Pro 

I s S 1 

AVP 6,5 Cys-Tyr-Phe-Gln 

8,5 Cys-Tyr-Phe-Gln-Asn-Cys 
I— S S 1 
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Fig. 1. HPLC chromatogram of vasopressin (AVP) and oxytocin incubated in human 
-kidney microvilli brush-border membranes in the presence of reduced glutathione for 
180 minutes showing a rapid degradation of both peptides and appearance of 
hydrophilic metabolites. The retention times are indicated on the top of each peak 
[T0 = 0 time, T+30 = 30 min, T+180 = 180 minj. 
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Fig. 2. Important degradation of oxytocin was seen when incubated in human kidney 
microvilli brush-border membranes without the presence of reduced glutathione at 180 
min. In addition to the main metabolite of oxytocin (M) two minor hydrophilic peaks 
are unidentified. The retention times are indicated in the figure. 
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Fig. 3. HPLC chromatogram obtained from incubation (180 min at37°C) of Antocin 
-with human renal microvilli membranes in the absence of reduced glutathione (lO^M) 
showing a lipophilic metabolite at 30 and 180 minutes. The retention times of antocin 
and metabolite as standards are indicated in the figure [TO = 0 time, T+30 = 30 min 
T+180 = 180min). 
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Fig.4. Degradation ofAVP (filled circle), dDAVP (hollow circle), OT (triangle) and 
Antocin (cube) incubated in crude liver homogenate for ISO minutes. 
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Fig. 5. HPLC chromatogram of AVP, dDAVP and oxytocin incubated in human 
.unpurified liver homogenate for 180 minutes at 37°C showing a degradation of all 
three peptides and appearance of a hydrophilic metabolite at 30 and 180 minutes of 
oxytocin. The retention times are indicated in the figure [TO = 0 lime, T+30 = 30 min, 
T+180 = 180min]. 
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Summary 

OBJECTIVE We investigated the pharmacokinetics and 
biological effects of 1-deamino-8-o-arginine vasopressin 
(dDAVP) in healthy adults after intravenous, subcu- 
taneous, intranasal, peroral, sublingual and intrarectal 
administration. 

DESIGN Eight normal volunteers were studied over an 8- 
hour period after each drug administration, separated by 
at least one week. For intravenous and subcutaneous 
administration, the subjects received 2 ug of dDAVP. The 
intranasal and sublingual doses were 20 pg and the rectal 
dose was 50 fig. Oral administration of dDAVP was 
effected with a 200-//g tablet. 

MEASUREMENTS Plasma and urinary levels of dDAVP 
were measured using a specific and sensitive radioimmu- 
noassay. 

RESULTS A significant increase of urine osmolality was 
observed after all routes of administration, except the 
sublingual and intrarectal for up to 8 hours after adminis- 
tration. After intravenous administration, the half-life of 
elimination (f„ 2 ) of dDVAP was 78 ± 10 minutes. An exten- 
sive adsorption of dDAVP to the plastic syringe was found 
with intravenous but not with subcutaneous administra- 
tion. Using the area under the curve of dDAVP from the 
subcutaneous administration as a reference, bioavail- 
ability was found to be 3-4% after intranasal administra- 
tion and 0-1% after oral administration. After sublingual 
and Intrarectal routes of administration no detectable 

were found in the total 24-hour urine. 

CONCLUSION The bioavailability of dDAVP seems lower 

Correspondence: Dr A. Fjellestad-Paulsen, Department of 
Pediatric Endocrinology and Diabetes, Hopital Robert Debre, 
48 Bd Serurier, F-750I9 Paris, France. 




A vasopressin analogue, the synthetic nonapeptide l-de- 
amino-8-D-arginine vasopressin (dDAVP) has successfully 
been employed in the treatment of neurogenic diabetes 
insipidus (DI) for more than 20 years (Andersson & Arner, 
1972). dDAVP is usually administered intranasally (i.n.) 
(Robinson, 1976) but other modes of administration have 
been utilized including intravenous (i.v.), subcutaneous (s.c.) 
and sublingual (s.I.) administration (Edwards et al., 1973; 
Grossman et al., 1980; Laczi et al., 1980). When given 
intragastrically or perorally (p.o.) dDAVP has been shown 
to give a dose-dependent antidiuretic response in hydrated 
dogs, in normal subjects and in patients suffering .from DI 
(Vilhardt & Bie, 1983; 1984; Hammer & Vilhardt, 1985). 
Recent reports indicate that an antidiuretic effect may be 
obtained after rectal administration in rats (Saffran el al., 
1988). In a pharmacokinetic study comparing the i.n. and the 
p.o. routes of administration of dDAVP to children with 
central DI a ratio of 1:20 was found (Fjellestad-Paulsen el al., 
1987). The aim of the present study was to determine the 
pharmacokinetics of dDAVP in individual subjects where all 
the above-mentioned routes of administration were utilized 
to make both intra and inter-individual comparisons or peak 
levels, serum half-lives, bioavailability, and areas under the 
curve (AUC) of dDAVP. 

Patients and methods 

Subjects 

Eight healthy volunteers (four female, four male), aged 20- 
57 years (mean 37-8), non-smokers, within 1 5% or their ideal 
weight for height (mean 65-4 kg) participated in this study. 
The hospital Ethics Committee had approved the study, and 
written informed consent was obtained from each subject 
prior to their entry into the study. 

Laboratory methods 

Blood samples (5 ml) were collected in heparinized tubes, and 
plasma was stored at -20'C until assay. After extraction, 
plasma-dDAVP was assayed with a specific dDAVP- 
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vasopressin. The cross-reactivity with arginine vasopressin 
and oxytocin was less than 0 01%. Urinary dDAVP was 
measured with the same R1A method but without extraction. 
Urine osmolality (U-osm) was measured using an 
osmometer (Svenska Labex). 



(Statistical Consultants, Inc., 1986) (version 3.0). In all 
treatments the area under the plasma concentration versus 
time curve (AUC) was calculated using the trapezoidal rule, 
with extrapolation to infinity using the terminal elimination 
rate obtained from PCNONLIN. The maximum concentra- 
tion (C„„) and the time to C m „ (r m „) were the observed 



For s.c. and i.v. administration, the commercially available 
dDAVP solution containing 4 mg/1 was employed. For i.n. 
and s.I. administration, a metered nasal spray. 10 /(g/dose, 
was utilized. Oral administration was realized with commer- 
cially available tablets containing 200 fig of dDAVP. For 
rectal administration, methylcellulose grade 1500 AKLPM 
(Apoteksbolaget. Stockholm) was employed as a vehicle. 
Methylcellulose was dissolved in 0-9% sodium chloride 
(NaCI) at a concentration of 0-5% (w/v) with the addition of 
dDAVP to a concentration of 10 mg/l. 



dDAVP was administered on six separate occasions to the 
volunteers in a randomized order and with a wash-out period 
of at least one week between each treatment. On arrival, the 
volunteers had been fasting since midnight. dDAVP was 
administered at 0800 h and a standardized breakfast was 
served 2 hours later. For s c. administration, 2 ;ig of the 
dDAVP was given in the lateral side of the upper arm. For 
i.v. administration, 2 /ig ofdDA VP was diluted with 3-5 ml of 
NaCI and administered during 5 minutes. The total i.n. dose 
was 20 jig: 10 ;ig was given in each nostril with the subjects 
sitting upright. The total sublingual dose was 20 fig. with 10 
(ig administered at each side of the lingual frenulum. The 
rectal dose was 50 jig administered by syringe. Oral adminis- 
tration of dDAVP was performed with a 200-jig tablet. 
Blood was collected before the administration of dDAVP 
and at 30. 60. 90, 120, 180; 240. 300 and 360 minutes after 
drug administration at all occasions. In addition, blood was 
drawn at 5 and 1 5 min after i.v. drug administration and at 1 5 



t after i.v 



terally at 



le determined before di 



Pharmacokinetic calculations 

dDAVP concentrations after intravenous infusion were 
analysed using a two-compartment model in PCNONLIN 



Statistical evaluation was performed using two-way analysis 
of variance (ANOVA). The level of significance was set at 
/><005. All data are reported as mean±SEM unless 
otherwise stated. 



In these normally hydrated healthy subjects, U-osm 
remained elevated during at least 6-8 hours following 
dDAVP administration after all routes of administration, 
except the i.r. route (Fig. 1). After the i.v. route, U-osm were 
848 then 926 then 935 milliosmoles/kg (mOsm/kg) in the first 
three 2-hour urine fractions. Accordingly, diuresis remained 
low in the first 4-6 hours (Fig. 2). The 24-hour diuresis (Table 
I) in these healthy subjects was somewhat lower (1-0-1-4 1) 
than normal but no difference was found between the various 
routes of administration. 





Osm/kg) at a, 0-2: b, 
sn □, i.v. (2 fg): B, s. 
s.I. (20 /ig). and ■, i.r 
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Fig. 2 U-voi (ml) al a, 0-2; b, 2-4; c, 4-6; d, 6-8 hours after 
dDAVP given O, i.v. (2 ug); B, s.c. (2 M g); i.n. ■ (20 ,/g); S, p.o. 
(200 ,,g); a, s.l. (20 /<g); and ■. i.r. (50 K ). Mean±SEM. 
Differences between the various routes of administration in 
comparison to the i.r. route are indicated. *P<005. 



in urine and urinary clearanc 
administration of dDAVP in 
(mean±SEM) 



nt dDAVP excreted 



H56±I53 
1 456 ±323 
I089+199 
I290 ±88 



•Pharmacokinetics of dDAVP 

The plasma concentrations of dDAVP at various intervals 
after the different modes of administration are shown in Fig. 
! and Table 2. Maximum levels were reached at 41 -4 minutes 
ifter s.c, at 60 minutes after i.n. and at 71-4 minutes after 
jral administration. After i.v. administration the half-life of 
:limination (/,.,) of dDAVP was 78± 10 minutes. Using the 
\UC from s.c. administration as a reference, the bioavailabi- 
ity was 3-4% after i.n. administration and 01% after p:o. 
ldministration. After s.l. and i.r. administration, no dDAVP 



Table 2 Plasma dDAVP: Phi 
healthy volunteers following 1 
of dDAVP (mean ± SEM). A: 



The average amount of dDAVP (pmol/24 hours) found 
urine after various routes of administration is shown in Ta 
1. Although no plasma dDAVP was found after s.l. or 



dDAVP, low but detectable an 



Theur 



unts of dDAVP w< 



nee of dDAVP varied from H9to3-84 
ml/min/kg body weight with the different routes. Forty-eight 
per cent of the amount absorbed after s.c, 92% of the 
amount absorbed after i.n., and 65% of the amount absorbed 
after oral administration was excreted in the urine within 24 



The choice of the different dDAVP doses administered in this 
study was based upon previous pharmacokinetic studies and 
clinical experience in both healthy subjects and in patients 
suffering from Dl. In these earlier investigations, 2 ng of 
dDAVP was given both intravenously and subcutaneously 
(Edwards et al., 1973; Vilhardt el al., 1986; Tryding el al., 
1987), 20 fi% was administered intranasally and 200 11% 
perorally (Vilhardt & Lundin, 1986; Fjellestad-Paulsen el al., 
1987). Two authors have described an adequate antidiuretic 
(AD) effect with a gelatin-based sublingual lozenge contain- 
ing 20 pg of dDAVP (Grossman el al., 1980) and with a s.l. 
tablet containing 30 /jg (Laczi et al., 1 980). In rats, 25-50% of 
an orally active dDAVP dose gives an adequate AD effect 
when given i.r. (Saffran et al., 1988). 

To our surprise, no dDAVP was measurable in the present 
study in plasma either after 20 m given s.l. or after 50 iig i.r. 
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could have been swallowed. dDAVP might be retained by the 
methylcellulose vehicle substance when administered intra- 
rectally. Therefore, in an additional experiment in two of the 
subjects, we gave 60 fig s.l. with a syringe and 100 fig i.r. 
directly, without additive. Even so, we did not find any 
detectable dDAVP in blood although the U-osm was slightly 
increased compared to the previous experiment. 

The larger AUC and the higher amount of dDAVP 
excreted in the urine (Tables 1 and 2) after s.c. administration 

less than 2 fig of dDAVP was infused i.v. This could be 
explained by a more extensive adsorption of the peptide onto 
the larger area of the plastic syringe utilized in i.v. adminis- 
tration (lOui 1 ml). In order to assess the extent of adsorption 
we repeated the i.v. administration by preparing two 10-ml 



_____ Fig. 3 Plasma dDAVP concentrations 

1 ♦ (pmol/l, mean ± SEM) following dDAVP 

administered i.v. (2 fig); a, s.c. (2 fig); 

r, i.n. (20 fig); and ♦, p.o. (200 fig) (n=8). 

plastic syringes, each containing 1 ml of dDAVP (4 mg/I) 
diluted in 7 ml NaCI according to the protocol. In addition, 
human serum albumin (HSA 0 01%) was added to the 
second syringe. The dDAVP content in 4 ml solution 
collected from the syringes was however considerably less 
than the expected 2 fig, merely 1 -22 fig in the first and 1 88 fig 
in the second syringe. The difference was marked and the 
available dDAVP was reduced by as much as 40% in the first 
syringe without HSA. This indicates that the peptide is 
adsorbed to plastic surfaces and the extent of adsorption 
appears to be related to the size of the area of affinity. 
Accordingly the bioavailability calculations in our study 
should be based on the A UC values seen with s.c. administra- 
tion rather than those found after i.v. administration: 3-4% 
after i.n. administration and 0- 1 % after p.o. administration. 

In a previous study the bioavailability of i.n. dDAVP was 
estimated to be 10% by comparing the antidiuretic effect 
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after i.n. and i.v. administration (Andersson & Arner, I972). 
A more recent study showed similar results, indicating a 
bioavailability of 10% after i.n. administration and less than 
1% after oral administration (Vilhardt & Lundin, 1986). In 
this study the AUC of plasma dDAVP after p.o. and i.n. 

after an i.v. dDAVP infusion. By calculating from the AUC 

bioavailability after oral administration is 0-5% (Fjellestad- 
Paulsen el al., 1987). Kohler and Harris ( 1 988) compared the 
i.v., s.c. and i.n. administration of dDAVP in man. The AUC 
was higher after s.c. administration than after i.v. but the 
difference was not significant. The bioavailability after s.c. 
administration was 1 12% and after i.n. administration 2%. 
These authors performed two s.c. administrations with two 
different concentrations. The variation of the results was 
larger with the most diluted solution. 

In the present study, the AUCs following the i.n. and the 
p.o. routes of administration were one-fourth of those 
obtained in a previous study where identical doses of 
dDAVP were given in the same way in children (Fjellestad- 
Paulsen et al., 1987). After i.v. administration, we found a 
plasma half-life of 78+ 10 minutes, similar to that earlier 
described (55 minutes) after a bolus injection of 5 /jg of 
dDAVP (Vilhardt et at., 1986). Earlier studies showed half- 
lives ranging between 51 (Edwards el al., 1973) and 158 
minutes (Pullan et al., 1974) but in these studies a non- 
specific antiserum was used to measure the plasma dDAVP 
and the results must therefore be interpreted with caution. 
The urinary excretion of dDAVP after the various routes is 
more important than previously described (Vilhardt & 
Lundin, 1 986) when expressed as a percentage of the amount 
absorbed (65 vs 16-4% after peroral administration). 

As the main purpose of the study was to evaluate the 
pharmacokinetics of dDAVP after various routes of admin- 
istration and as the biological effects of dDAVP are well 
known we did not want to investigate overhydrated subjects. 
Although the volunteers were fasting and had a high urine 
osmolality at the beginning of the study there was a 
measurable biological effect after administration of desmo- 
pressin. After all routes of administration, except the 
intrarectal, U-osm remained elevated ( > 850 mOsm/kg) for 6 
hours- although the subjects had taken breakfast at +2 
hours. A more distinct biological effect would have been seen 
in hydrated subjects. In another study, healthy children 
serving as controls without medication demonstrated a 
spontaneous decreased U-osm (150 mOsm/kg) 2 hours after 
a standardized breakfast (unpublished data). 

In conclusion, the bioavailability of dDAVP according to 
our data seems lower than previously described after intrana- 
sal and oral administration. We found a significant increase 



of urine osmolality after all routes except the sublingual and 
intrarectal up to 8 hours after administration. No detectable 
dDAVP was found in blood after sublingual and intrarectal 
routes. We found an extensive adsorption to plastic surfaces 
after dilution of the solutions used for parenteral administra- 
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- page 178, left column, line 25: "2 [ig of the dDAVP" read "2 ng of dDAVP" 

- page 179, right column, line 22: "Vilhardt et al 1986" delete 
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Summary. The absolute bioavailability of an aqueous so- 
lution of l-deamino-8-D-arginine vasopressin (dDAVP) 
from different regions of the gastrointestinal (GI) tract 
(stomach, duodenum, jejunum, ileum, colon, rectum) has 
been studied in 6 healthy, male volunteers aged 24 to 35 
years, followed for 12 h after each drug administration. For 
i. v. administration the subjects received 4 u,g dDAVP. For 
intestinal administration 400 |xg dDAVP was directly ap- 
plied to six distinct sites in the GI tract via two or four chan- 
nel tubes with or without a distal occlusive balloon. Biologi- 
cal effects were assessed and plasma and urinary levels of 
dDAVP were measured using a specific, sensitive RI A. 

Urine osmolality remained elevated and diuresis de- 
creased for 12 h following dDAVP administration irre- 
spective of the site of application. After i.v. administra- 
tion, the half-life of eliminiation of dDAVP was 60.0 min, 
plasma clearance 1.7 ml ■ min" ' ■ kg~ ', amount excreted in 
urine 2.0 jig and renal clearance was 0-8 ml ■ min " 1 • kg" '. 

The mean bioavailability (f) after gastric application 
wasO.19% (range 0.02-0.35 %).f was 0.24% after duode- 
nal application (range 0.04-0.62%), 0.19% after jejunal 
(range 0.01-0.41 % ), 0.03 % after distal ileal (range 0.01- 
3.08 % ),0.04 % after proximal colonic (range 0.01-0.12 % ) 
and 0.04% after rectal (0.01-0.10%) application. The 
bioavailability was significantly higher in the three upper 
GI regions in comparison to the three lower regions. 

The bioavailability of dDAVP after gastric, duodenal 
and jejunal application was similar to that after swallow- 
ing a tablet in a previous study. Absorption from the ileum 
was lower than expected and no preferential site of ab- 
sorption was found. 

Key words: dDAVP; bioavailability, gastrointestinal tract, 
wealthy volunteers, pharmacokinetics 



l-Deamino-8-D-arginine vasopressin or dDAVP, a nona- 
septide and long-acting analogue of arginine vasopressin 
;AVP), has been used intranasally (IN) with success in 
:entral diabetes insipidus (DI) for more than two decades 
Andersson and Arner 1972, Seif et al. 1978]. dDAVP is 



absorbed from the gastrointestinal (GI) tract after oral ad- 
ministration and elicits an antidiuretic effect in conscious, 
water-loaded dogs [Vilhardt and Bie 1983], in hydrated 
human volunteers [Vilhardt and Bie 1984] and in patients 
with DI [Hammer and Vilhardt 1985]. Using a specific 
radioimmunoassay to measure plasma dDAVP, it has 
been shown that the intact peptide is transported through 
the intestinal mucosa in the rat [Lundin et al. 1985]. The 
efficacy and safety of oral dDAVP in children with DI was 
demonstrated in a long-term study [Fjellestad and Czer- 
nichow 1986]. The ratio of 1:20 between the IN and oral 
route of dDAVP was found in a pharmacokinetic study 
comparing the two modes of administration in children 
with neurogenic DI [Fjellestad-Paulsen et al. 1987]. Thus, 
the bioavailability of the oral route is low, 0.5 % or less. It 
has been shown in rabbits that a preferential area of ab- 
sorption of dDAVP may be located in the ileocaecal re- 
gion [Lundin and Vilhardt 1986], If the duodeno-ileal gra- 
dient were also to occur in man, the bioavailability of 
dDAVP by the oral route could be increased by using 
slow-release galenical forms that delivered a large part of 
their contents in the ileal lumen. In the present study we 
have assessed the bioavailability of dDAVP by applying 
an aqueous solution of dDAVP directly to various sites in 
the GI tract in healthy male volunteers, and any possible 
site of preferential absorption of the drug was sought. 



Materials and methods 

Subjects 

After giving written informed consent, six healthy male volunteers, 
aged 24 to 35 y (mean 27.2 y), within 15% of their ideal bodyweight 
for height (mean = 71.0 kg), participated in this open study, which 
was approved by the Hospital Ethics Committee. 



Laboratory methods 

Blood samples (3 ml) were collected in tubes containing K 3 -EDTA 
and plasma was stored at -70'C until assay. After acetone/petro- 
leum ether extraction, plasma dDAVP levels were measured by 



133 



1004 (437) 
901 (482) 
901 (160) 
869 (480) 

1279(823) 
954(434) 



radioimmunoassay (RIA), using a previously characterized anti- 
serum specific for dDAVP [Lundin et al 1985]. The minimum quan- 
tifiable concentration (MQC) of the assay was set at 2.5 pg 
dDAVP • ml" ' plasma. The intra- and inter-assay coefficients of vari- 
ation were 18.1 (9.6) % and 33.0% at 3 pg dDAVP- ml" '. 10.8 (4.8) 
% and 20.4% at 10 pgdDAVPml"', 4.7(1.7)% and4.2% at 100 pg 
dDAVP ■ ml " ', respectively. 

Urine samples were extracted on Bond Elut C8 silica columns 
(LRC series. Analytichem), as described by van de Heyning et al. 
(1991). After extraction, urine dDAVP levels were measured by the 
same RIA method. The MQC was set at 5.0 pg dDAVP • ml" ' urine. 
The intra and interassay coefficients of variation were 12.9 (8.7) % 
and 16.4% at 10 pg dDAVP/ml, 5-5 (3.1) % and 8.7% at 100 pg 
dD AVP/ml, 4.7 ( 1 .7) % and 1 1 .2 % at 1000 pg dDAVP • ml - ', respec- 
tively. Urine osmolality (U-osm) was measured using in osmometer 
(advanced Microosmometer Mod 3MO). 



samples were collected over a 24 h period. From 2 h to 8 h following 
the dose, the volunteers received 100 ml water per h. Thereafter they 
were allowed an additional fluid intake of 500 ml until 09.00 h on the 
next morning. Xanthine-containing beverages and alcohol were 
avoided throughout the study day and smoking was forbidden. 



Pharmacokinetic calculations 



dDAVP concentrations after the intravenous infusion were analysed 
using a two-compartment model in PCNONLIN [Statistical Con- 
sultants 1986; version 3.0]. In all treatments the area under the plas- 

half-life obtained from PcXnLIN. JoTa^ afterTT-ad- 

ance after i.v.-administration as the amount excreted in urine 
divided by the AUC. The clearances were normalised using the body 
weight of each subject. Absorption bioavailability (f) was calculated 
as the normalised ratios between the AUSs for each segment of the 
Gl-tract and the AUC after i.v. administration. 



Statistical procedure 

Statistical evaluation used analysis of variance (ANOVA). The le' 
of significance wasset at P < 0.05. All data are reported as mean w 
(SD) unless otherwise slated. 



Desmopressin 

For i.v. administration the commercially available dDAVP solution 
containing 4 u.g- ml" 1 was employed (MINIRIN R ), and for gastro- 
intestinal application lyophilized dDAVP with a chromatographic 
purity greater than 99% (Ferring Phamaceuticals, Matmo, Sweden) 



Intubation 

The intraluminal perfusion employed a modification of a previously 
described method [Modigliani et al. 1973], The drug was directly ap- 
plied to six distinct sites in the GI tract: stomach, duodenum, mid- 
jejunum, distal ileum, ascending colon and rectum. The rectal appli- 
cation was done with a rectal canula. For all other sites, subjects were 
intubated via a nostril with multichannel polyvinylchloride tubes 
(diameter 2 mm) made by the investigator. Except for the colon, an 
occluding balloon was present 2 cm distal to the application point. 
Before drug application, at each session, the correct location of the 
tube was verified fluoroscopically and occlusion and the absence of 
leakage were confirmed by instillation of 1 ml bromosulphophtha- 
lein(BSP)asamarker. 



Drug administration 

Each volunteer participated in seven study sessions, separated by at 
least 48 h. For calculation of the AUC after i.v. administration, a 
bolus injection of 4 pg dDAVP was given at 09.00 h after an over- 
night fast. In alkother sessions 400 pg dDAVP acetate was dissolved 
in 2 ml NaCl 0.9 % and was given by the appropiate route at 09.00 h, 
followed by rinsing of the tube with 2 ml NaCl. The occlusive balloon 
was deflated 1.5 h after drug application and a standardised meal 
was given 1.5 h later. 

Blood samples for determination of the plasma concentration of 
dDAVPwere taken before and upto8 hafterdrugapplication. Urine 



Biological effects 

U-osm remained elevated for at least 8-12 h following 
dDAVP adminstration in these normally hydrated volun- 
teers irrespective of the site of application, although nor- 
mal water intake was allowed 3 h after drug administra- 
tion. Concomitantly, diuresis remained decreased for 
12 h. The 24 h diuresis was lower (0.696-1.28 1) than nor- 
mal (Table 1) [Carver and Paska 1961). 



Phamacokinetics of dDAVP 

The plasma concentrations of dDAVP (p-dDAVP) at 
various intervals after various modes of administration in 
the same subject are shown in Fig. 1. After i.v. administra- 
tion, the half-life of elimination (ti/ 2 ) of dDAVP was 60.0 
(14.7) min and plasma clearance was 1.7 (0.7) ml-min" 1 - 
kg"'. The amount excreted in urine after i.v.-administra- 
tion was 2.0 (0.4) ng. Renal clearance was 53.6 (19.9) 
ml • min " 1 or 0.8 (0.3) ml ■ min " 1 ■ kg- 1 . 

Individual AUCs of dDAVP after application at vari- 
ous sites in the GI tract are shown in Table 2. The peak 
plasma concentration (C m „) of dDAVP in all study ses- 
sions occurred before the balloon was deflated, except for 
the intragastric route in one subject. In him very little ab- 
sorption was observed after intragastric application, and 
C ma , occurred after the balloon was deflated at 180 min. 
Each site of absorption was studied separately, as in- 
tended, and the absorption phase could therefore be con- 
sidered to have terminated before deflation of the ballon. 
In one of the subjects (No. 6) blood samples 5, 10, and 
15 min after i. v. administration were missing. The AUC in 
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hat case was calculated by extrapolation and is probably 
mderestimated. The mean bioavailability (f) after the 
;astric application was 0.19% (range 0.02-0.35%). f was 
1.24% after duodenal administration (range 0.04-0.62%), 
U9 % after jejunal (range 0.01-0.41 %), 0.03 % after dis- 
al ileal (range 0.01-0.08 % ), 0.04 % after proximal colonic 
range 0.01-0.12%) and 0.04% after rectal (range 0.01- 
U0%) application (Table 2). The bioavailability was sig- 
tificantly higher from the three upper than the three 
ower regions (P < 0.05) of the GI tract. 



)iscussion 

The potential therapeutic usefulness of peptides and pro- 
ein drugs would be increased if other routes of delivery 
han the parenteral could be used. The limiting factor is the 
ery low absorption rate and bioavailability of most pep- 



tides from most non parenteral routes. However, dDAVP 
has been safely and efficiently used by intranasal adminis- 
tration for more than twenty years in DI patients [Anders- 
son and Amer 1972; Seif et al. 1978], and orally for more 
than 9 years [Hammer and Vilhardt 1985; Fjellestad and 
Czernichow 1986]. Using a highly specific and sensitive 
antibody for dDAVP, the bioavailability after IN adminis- 
tration was found to range from 2 % to 10 % [Kohler and 
Harris 1 988, Vilhardt and Lundin 1 986]. In a recent study, in 
which six routes of delivery (IV, SC, IN, PO,sublingual and 
intrarectal) were compared in healthy volunteers, the 
bioavailability of the IN route was 3.4 % [Fjellestad-Paul- 
sen et al. 1993]. In the same study the bioavailability of the 
oral route was 0.1 % after a 200 ug tablet. Earlier studies 
had indicated higher bioavailability after oral administra- 
tion of dDAVP (0.5-1.0%), but they were based on com- 
parison of the AUC between the oral and IN routes [Vil- 
hardt and Lundin 1986; Fjellestad-Paulsen et al. 1987]. 

Two studies in animals have indicated a possible area of 
preferential absorption of dDAVP in the distal part of 
the ileum in some species. Lundin and Vilhardt showed in 
1986 that plasma concentrations of dDAVP in rabbits 
were 10-times higher after administration in the stomach, 
colon or in the mid-part of the ileum. An increased rate of 
transport of dDAVP and other peptides was found in the 
distal part of the small intestine in rats [Lundin et al. 1991] 
in a experiment using isolated segments from the proxi- 
mal and distal small intestine. 

In the present study the half-life of elimination of 
dDAVP after i.v. administration was 60.0 (14.7) min, 
which is in accordance with previous studies in which a 
specific antiserum was used to measure plasma dDAVP 
[Vilhardt et al. 1986; Fjellestad-Paulsen et al. 1993]. 

The bioavailability after administration of 400 p. 
dDAVP into the stomach and upper part of the small in- 
testine was 0.19-0.24%, which is in accordance with the 
results after a 200 ug tablet given orally to healthy volun- 
teers [Fjellestad-Paulsen et al. 1993], Contrary to animal 
studies, the bioavailability after application in the distal 
part of the ileum was much lower (0.03%) than in the 
upper part of the G I tract . 



availability (f) of dDAVP directly applied to various sites in the GI In 



in six healthy volunteers 



dose dDAVP)/subject 



OJC (pg • min/ml) 
Intravenous (4 ug) 
Stomach (400 pg) 
Duodenum (400 pg) 
Jejunum (400 pg) 
Ileum (400 pg) 
Colon (400 pg) 
Rectum (400 pg) 

(%) 



36.700 
13.000 
5.540 



54.700 



25.400 



41.300 



3.250 3.000 8.640 6.060 

2.710 8.770 16.300 7.300 

10.400 6.370 10.600 6.210 

190 535 2.130 1.080 

83 3.100 546 1.050 



4.380 
4.830 
3.720 
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Absorption from the proximal part of the colon and the 
rectum was very low, but it was still higher than expected, 
and was similar to that in the distal part of the ileum. Our 
knowledge of large intestinal peptide absorption is 
limited, especially in humans. 

Saffran et al. (1988) reported a good antidiuretic effect 
in rats when 25-50% of an orally active dose of dDAVP 
was given intrarectally (IR). In contrast, no measurable 
p-dDAVP was seen after IR administration in a recent 
study in healthy volunteers [Fjellestad-Paulsen et al. 
1993), but the doses may have been too low (50 and 
100 ug). In the present study, measurable absorption of 
dDAVP was found after 400 ug administered intrarectally. 

In conclusion, the bioavailability of dDAVP after gas- 
tric, duodenal and jejunal application was similar to that 
after a swallowed tablet. Absorption after application in 
the distal ileum was lower than in animals and we did not 
find any distal site of preferential absorption. The low 
bioavailability of dDAVP could be consequence of intra- 
luminal proteolysis. It has been observed in vitro that 
dDAVP proteolysis was slower in jejunal than in ileal juice 
and that the difference was due to the lower jejunal pH 
(unpublished). The bioavailability might then be in- 
creased if the dDAVP molecules were to be maintained 
intact during the absorption process. It would be of inter- 
est to study the proteolytic effect of intestinal enzymes on 
dDAVP, especially in a study using an enzyme inhibitor 
added to the dDAVP. 
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- page 474, left column, line 28: "rectal canula" read "rectal cannula" 

- page 475, right column, line 23: "after administration in the stomach" read 
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Summary 

The bioavailability of an aqueous solution of l-deamino-8-D-arginine vasopressin 
(dDAVP), with and without an enzyme inhibitor, has been studied in 6 healthy, male 
volunteers aged 19 to 34 years, followed for 8 h after each drug administration. For i.v. 
administration the subjects received 4 (ig dDAVP. For intestinal administration 500 p.g 
dDAVP was directly applied, in two separate sessions, in the first part of the duodenum via 
a triple lumen channel tube. In one session a solution of isotonic polyethylene glycol 
(PEG) was given as a continuing enteral administration. In the other session a solution of 
PEG and aprotinin was administered enterally at the constant rate of 5 ml/min and during a 
further four hours. Plasma dDAVP was measured using a specific, sensitive RIA and 
collection of intestinal juice was performed for measurement of lipase, chymotrypsin and 
pH every 30 min for 5 h. 

The intestinal chymotrypsin activity was decreased after infusion of aprotinin (p < 0.001) 
while the lipase activity was not modified. After i.v. administration, the half-life of 
elimination of dDAVP was 1 .56 h ± 0.2 and plasma clearance 1 .24 ±0.6 ml/min x kg. 
The mean bioavailability after duodenal administration of dDAVP + aprotinin was 0.46% 
(range 0.28 - 0.84) to compare with 0.09% (range 0.05 - 0.14) after duodenal 
administration of dDAVP alone (p < 0.0148). The bioavailability of dDAVP after direct 
duodenal application of an aqueous solution was similar to that after swallowing a tablet in 
a previous study and increased five times when given together with an infusion of an 
enzyme inhibitor. 

Key words: aprotinin, bioavailability, dDAVP, enzyme inhibitor, gastrointestinal tract, 
healthy volunteer, pharmacokinetics 



140 



Current therapy of neurogenic diabetes insipidus successfully employs a synthetic 
nonapeptide, a long-acting analogue of arginine-vasopressin (A VP). l-deamino-8-D- 
arginine vasopressin or dDAVP has been used clinically for more than 20 years 
(Andersson & Arner 1972) and is usually administered intranasally. Peptides are generally 
poorly absorbed but dDAVP given orally elicits a dose dependent antidiuretic effect in 
patients with diabetes insipidus (Hammer & Vilhardt 1985). A ratio of 1 :20 in 
bioavailability was found in a pharmacokinetic study comparing intranasal and oral 
administration of dDAVP in children with central diabetes insipidus (Fjellestad-Paulsen et 
al. 1987). The efficacy and safety of dDAVP administered orally in children with diabetes 
insipidus has been shown in a long term study (Fjellestad-Paulsen et al. 1993a). The 
bioavailability of dDAVP was 0.1% after oral administration in a pharmacokinetic study in 
healthy volunteers (Fjellestad-Paulsen et al. 1993b). Direct application of an aqueous 
solution of dDAVP in the duodenum and the jejunum showed an absolute bioavailability 
of 0.2% (d'Agay-Abensour et al. 1993). This low bioavailability of dDAVP could be due to 
intraluminal proteolysis or mucosal degradation. 

Recently it has been shown in an in vitro study that dDAVP proteolysis was slower in 
jejunal than in ileal human secretion due to a lower jejunal pH. This degradation was 
inhibited after concomitant administration of the enzyme inhibitor aprotinin (Fjellestad- 
Paulsen et al. 1995). 

In the present investigation absorption of dDAVP from the small intestine with and 
without an intestinal perfusion of aprotinin was studied in healthy volunteers in order to 
evaluate the proteolytic effect of intestinal enzymes on dDAVP. 
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Materials and Methods 
Subjects 

Six healthy male volunteers, aged 19 to 34 years (mean 26.5 y) participated in the trial. 
They were within 15% of their ideal bodyweight for height (mean = 65.8 kg). Xanthine 
beverages, alcohol and smoking were avoided 12 h before each study session and 
throughout the study day. Approval of the study was obtained from the Hospital Ethics 
Committee and written informed consent was obtained from each subject prior to entering 
the trial. 

Intubation 

The subjects were intubated via a nostril with a triple-lumen channel tube of polyvinyl 
chloride in two study sessions (Fig. 1). The tip of the first tube, for the tractor balloon, was 
positioned after the duodenojejunal junction (ligament of Treitz) and that of the second, 
used for the intestinal drug application and perfusion of the solutions, was placed in the 
first part of the duodenum (Di). The tip of the third tube, positioned 30 cm beyond the 
second, was directed to collect the intestinal juice. Before drug application, at each session, 
the correct location of the tube was verified fluoroscopically. 

Peptides 

For i.v. administration the commercially available dDAVP solution containing 4 u.g/ml was 
employed (Minirin) and for duodenal application a lyophilized dDAVP was used. dDAVP 
was synthetized by solid phase method (Ferring Pharmaceuticals, Malmo, Sweden) and 
had a chromatographic purity of 99%. The wide spectrum proteinase inhibitor (aprotinin = 
Antagosan®) was purchased from Hoechst laboratories. One ampoule of 10 ml with 50 
European Pharmacopeic Units contains 100 000 kallikrein inhibitor units, 800 000 
protease inhibitor units, 2 500 anti-plasmin units and 167 trypsin inhibitor units. 

Drug administration 

The enteral administration technique was described by Modigliani and al. (1973). The 
subjects fasted for 12 h before each study session. Each volunteer participated in three 
study sessions separated by at least 48 hours. For calculation of area under the curve 
(AUC) after intravenous administration a bolus injection of 4 |ig of dDAVP was given at 
9.00 a.rn. after an overnight fast. In the two other sessions 500 |xg of dDAVP acetate were 
dissolved in 2 ml of NaCl 0.9% and administered by tube at 9.00 a.m., with subsequent 
rinsing of the tube with 2 ml of NaCl. A standardized breakfast was given 5 - 10 min after 
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drug application and a standardized meal 5 hours later. In one session, a solution of PEG 
(isotonic polyethylene glycol), a non absorbable marker (pH = 6.5, osmolality = 305 
mOsm/kg) was given as a continuing enteral administration by a motor driven syringe 
starting 30 min before the dDAVP application and during further 5.5 h at the constant rate 
of 5 ml/min. In the other session, a solution of PEG and aprotinin was administered 
enterally at the constant rate of 5 ml/min and during a further 5 hours without changing 
pH or osmolality of the solution. 

Blood samples for deteimination of plasma concentrations of dDAVP were drawn before 
the administration of dDAVP and at 5, 10, 15, 30, 45, 60, 90, 120, 180, 240, 300, 360, 420 
and 480 minutes after drug administration at all occasions. Collection of intestinal juice 
was performed for measurements of lipase, chymotrypsin and pH at baseline and thereafter 
every 30 min for 5 hours. After centrifugation the intestinal juice was frozen in aliquots of 
1 ml and stored at -70°C. From 2 hours until 8 hours following drug application, the 
volunteers received a maximum of 100 ml of water per hour. Thereafter they were allowed 
an additional fluid intake of 500 ml until 9.00 a.m. the next morning. 

Laboratory methods 

Blood samples (3 ml) were collected in tubes containing K3-EDTA and plasma was stored 
at -70°C until assay. Before analysis all samples were extracted with acetone and 
petroleum ether. Dry extracts were stored at -20°C. Plasma dDAVP levels were measured 
with a radioimmunoassay (RIA) technique, using a previously characterized antiserum 
specific for dDAVP (Lundin et al. 1985). The minimum quantifiable concentration (MQC) 
of the assay was set at 2.5 pg dD A VP/ml plasma. The intra- and interassay coefficients of 
variation of spiked EDTA plasma were 5.9+7.2 % and 17.2 % at 5 pg dD A VP/ml, 6.1±4.2 
% and 9.7 % at 10 pg dDAVP/ml, 2.3 %± 1.5 % and 3.2 % at 100 pg dDA VP/ml, 
respectively. The recovery of dDAVP from spiked EDTA plasma was 89.2 % at 5 pg 
dDAVP/ml, 77.1 % at 10 pg dDAVP/ml and 63.8 % at 100 pg dDAVP/ml. Determination of 
pH in intestinal juice was performed with a pH-meter (Radiometer Tacussel). 
PEG concentrations were measured in the intestinal juice turbidimetrically by Hyden's 
technique (Hyden 1955) in order to obtain the output of water at the sampling point 
according to the equation: 



H 2 0 output = Perfusion output x PEG fe 
PEGcoUected 



Chymotrypsin activity of the intestinal juice was determined titrimetrically with acetyl- 
tyrosine-ethylester as substrate (Figarella et al. 1965). Lipase activity was estimated 
similarly with emulsified olive oil as substrate (Marcuis-Mouren et al. 1959). 

Pharmacokinetic calculations 

Enzymes activity were determined through multiplying their concentration by water 
output. 

dDAVP kinetics after intravenous infusion were analysed using a two-compartment model 
in PCNONLIN (Statistical Consultants, Inc. 1986) (version 3.0). In all treatments the area 
under the plasma concentration versus time curve (AUC) was calculated using the 
trapezoidal rule, with extrapolation to infinity using the terminal elimination rate obtained 
from PCNONLIN. Clearance, half life, of elimination (tl/2) the absolute and relative 
bioavailability of dDAVP and the mean residence times after intravenous and intestinal 
administrations of dDAVP were calculated using standard formulas (Gibaldi Perrier 1982). 
The absorption rate was calculated by the Loo-Riegelman method (Loo and Riegelman, 
1968). 

Statistical procedure 

Statistical evaluation was performed using paired t-tests. The level of significance was set 
at p < 0.05. All data are reported as mean ± SD unless otherwise stated. 
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Results 

Lipase and chymotrypsin response 

The intestinal lipase activity over 4 hours was not modified by aprotinin (Table 1). In 
contrast, the chymotrypsin activity was significantly decreased after infusion of aprotinin 
(p< 0.001). 

Fig. 2 represents the mean intraluminal chymotrypsin activity with and without aprotinin. 
Median hydrogen ion concentration of the intestinal juice at the jejunal aspiration site was 
not modified by aprotinin (pH 5.73 without and 5.75 with aprotinin). 

Pharmacokinetics of dDAVP 

Mean plasma concentrations of dDAVP at various intervals after an i.v. bolus injection of 
dDAVP (4 ng), and after 500 p.g dDAVP acetate given either alone or with aprotinin in the 
duodenum are shown in Fig 3. After i.v. administration the half-life of elimination (tl/2) of 
dDAVP was 1.56 hrs ± 0.2 and plasma clearance 1.24 ± 0.16 ml/min x kg. The plasma 
samples from one patient (EMPL) after duodenal administration of dDAVP alone were 
excluded from the analysis because the samples were contaminated before the assay. 
Individual results from area under the curve (AUC) of dDAVP after duodenal 
administration are shown in Table 2. The mean bioavailability (F) after duodenal 
administration of dDAVP + aprotinin was 0.46% (range 0.28 - 0.84) to compare with 
0.09% (range 0.05 - 0.14) after duodenal administration of dDAVP alone (p < 0.0148). 
AUC and F were significantly higher after duodenal administration of dDAVP with 
aprotinin in comparison to after duodenal administration of dDAVP alone. 
The mean residence times after i.v. administration, with and without aprotinin were 1.4, 3.4 
and 2.9 hours, respectively. The difference between the mean residence times with and 
without aprotinin was not significant. 

The absorption rate constant obtained when dDAVP was given alone was 0.56 ± 0.11 1/h 
and when given together with aprotinin 0.44 ± 0.23 1/h. The difference was not 
significant. 
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Discussion 

Oral delivery of peptides is certainly the most convenient mode of administration in 
therapy. Although the gastrointestinal absorption rate and bioavailability are very low 
dDAVP (l-dearnino-8-D-arginine vasopressin) has been administered safely and efficiently 
orally in the treatment of neurogenic diabetes insipidus patients for more than 10 years 
(Hammer & Vilhardt 1985, Fjellestad & Czernichow 1986). 

In a pharmacokinetic study in which six routes of delivery (i.v., s.c, intra-nasal, oral, 
sublingual and intrarectal) were compared in healthy volunteers the bioavailability after 
oral administration was 0.1%, using a 200 pg tablet (Fjellestad-Paulsen et al. 1993b). The 
absolute bioavailability of a direct application of 400 pg of an aqueous solution of dDAVP 
at different regions of the gastrointestinal tract (stomach, duodenum, jejunum, ileum, colon 
and rectum) was studied in healthy volunteers (d'Agay-Abensour et al. 1993). Absorption 
from the ileum was lower (0.02%) than expected but the bioavailability of dDAVP after 
gastric, duodenal and jejunal application (0.2%) was similar to that obtained in the 
previous study. No preferential site of absorption was found, within the upper segment of 
the intestine, although two earlier animal studies had indicated a possible area of 
preferential absorption of dDAVP in the distal part of the ileum in rabbits (Lundin & 
Vilhardt 1986) and in rats (Lundin et al. 1991). In a recent study the stability of the 
neurohypophyseal hormones AVP and oxytocin, and of their synthetic analogues, was 
studied in human intestinal contents, the brush border membranes of the small intestine and 
in gastric, colonic and rectal plasma membranes (Fjellestad-Paulsen et al. 1995). dDAVP 
proteolysis was slower in jejunal than in ileal juice. The degradation was pH-dependent 
and a concentration dependent inhibition occurred when aprotinin was preincubated with 
contents from the ileum. 

From a therapeutic point of view it would be of great importance to be able to increase the 
intestinal absorption of peptides that are pharmacologically active. One way would be to 
decrease the intestinal proteolysis. Several studies in animals have shown the feasibility of 
insulin absorption from the intestine in the presence of a protease inhibitor (Morishita et al. 
1992). Aprotinin which is a single chain polypeptide consisting of 58 aminoacid residues is 
a potent inhibitor of several serine proteinases, such as trypsin, chymotrypsin, kallikrein 
and plasmin. A study in healthy volunteers showed that aprotinin injected together with 
insulin subcutaneously is followed by higher plasma levels of insulin than when insulin is 
injected alone (Owens et al. 1988). On the contrary, in nasal insulin absorption studies with 
the absorption enhancer sodium taurodihydrofusidate in rats and rabbits, co-administration 
of aprotinin did not alter significantly the absorption of insulin (Deurloo et al. 1989). 
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Similarly, no effect was seen on the antidiuretic effect when nasal administration of AVP 
and dDAVP were co-administered with aprotinin intranasally in rats (Morimoto et al 1991). 
Aprotinin has been administered in the duodenum (5 ml/min) in healthy volunteers 
(Dlugosz et al. 1983) without giving any side effects, and aprotinin is not destroyed by 
intestinal proteolysis (Frey et al. 1967) or absorbed by the intestinal mucosa (Markwardt 
1978). Saffran et al. (1988) reported an increased oral activity of dDAVP in hydrated rats 
by simultaneous administration of an inhibitor of intestinal proteolysis. 
In the present study, the tl/2 of dDAVP after i.v. administration was 94 (12) min which is 
slightly more than in previous studies where a specific antiserum was used to measure 
plasma dDAVP (55, 78 and 60 min respectively) (Vilhardt et al. 1986, Fjellestad-Paulsen et 
al. 1 993b, d'Agay-Abensour et al. 1 993). The bioavailability of dDAVP after duodenal 
administration (0.09%) is similar to the bioavalabilities in our previous studies (Fjellestad- 
Paulsen et al. 1993b, d'Agay-Abensour 1993). Bioavailability of dDAVP together with a 
perfusion of aprotinin was however five times higher in the present study. 
Aprotinin is a proteinase inhibitor, and thus it is not surprising that the lipase activity 
remained unchanged, while the chymotrypsin activity decreased significantly. These 
results are in accordance with those of a previous study (Dlugosz 1983). 
In conclusion, the bioavailability of dDAVP after direct duodenal application of an 
aqueous solution was similar to that after swallowing a tablet. When given together with a 
perfusion of an enzyme inhibitor the bioavailability of dDAVP increased five times. It 
would be of great interest to enhance the efficacy of oral dDAVP administration by 
associating dDAVP with a protease inhibitor to avoid degradation by pancreatic enzymes. 
A drawback is the possible effect on digestion of dietary proteins by the co-administration 
with a protease inhibitor. 
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Table 1. 



AUC (UI/240 min) of chymotrypsin and lipase activity during a 4 hours 
intestinal perfusion with (w) or without (wo) aprotinin in healthy volunteers 
(n = 6). 



Subjects 

BRAB 

COPH 

EMPL 

JOMI 

MARI 

NTPL 

x 

SD 

P 



Chymotrypsin 



w 


wo 


5 948 


19 573 


8 469 


18 479 


7 454 


18 352 


5 510 


22 678 


1 795 


10 501 


9511 


15 098 


6 448 


17 447 


2 730 


4 184 



p< 0.001 



Lipase 
w wo 

403 680 336 690 

614 790 353 670 

258 780 285 480 

334 440 264 720 

135 150 200 340 

406 170 221 040 

358 835 276 990 

161 497 61 110 

NS 
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Legends to figures 



Triple-lumen tube in position in the duodenum and the jejunum: localization of the 
inflatable balloon, perfusion and sampling sites are indicated. 

Mean intraluminal activity of chymotrypsin during a 4 hours duodenal perfusion with 
(■) or without (□) aprotinin after direct application of dDAVP in the duodenum in 6 
healthy volunteers. 

Mean plasma concentrations (pg/ml) of dDAVP after an i.v. bolus injection of 4 (ig of 

dDAVP ( ), 500 (ig dDAVP with aprotinin ( ) and 500 ng dDAVP alone (— ) 

given in the duodenum in healthy volunteers (n = 6). 
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Fig. 2. Mean intraluminal activity of chymotrypsin during a 4 hours duodenal 
perfusion with (*) or without (O) aprotinin after direct application ofdDAVP in the 
duodenum in 6 healthy volunteers. 
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Central diabetes insipidus in children. 
Antidiuretic effect and pharmacokinetics of intranasal and 
peroral l-deamino-8-D-arginine vasopressin 
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Abstract. The antidiuretic effect and pharmacokinet- 
ics of 10 to 20 (ig of intranasal (IN) and 200 to 400 (ig of 
oral (po) l-deamino-8-D-arginine vasopressin (DDAVP) 
were studied in 10 paediatric diabetes insipidus pa- 
tients. A significant inerease in urine osmolality was 
obtained with all doses, maximum within 2 h and still 
present at 8 h. At 12 h after administration, the ratio 
urine osmolality/plasma osmolality was above 1 only 
after 20 ug intranasally and 400 (ig perorally. The free 
water clearance decreased rapidly with all doses and 
was similar in magnitude and duration for both the 
intranasal and peroral routes of administration and 
remained negative for more than 8 h. The maximum 
plasma concentrations of DDAVP, measured with a 
specific and sensitive RIA method, was dose-dependent 
and there was not significant difference in time until 
maximum concentration was obtained or in plasma 
half-life between the two routes of administration. The 
ratio established, 1 :20, by calculating the area under the 
curve showed a bio-equivalence between 10 u.g IN and 
200 (ig po and between 20 ng IN and 400 ng po of 
DDAVP. This work further emphasized the effective- 
ness of the oral route and the rapidity of absorption. By 
continuous monitoring of DDAVP plasma values we 
have demonstrated that peak values were reached with- 
in one hour after administration. This study demon- 
strates that the doses needed to treat diabetes insipidus 
patients by the oral route will be approximately 20 times 
greater than by the nasal route. 

For more than 15 years, patients suffering from 
neurogenic diabetes insipidus (DI) have been 
treated with intranasal (IN) l-deamino-8-D-argin- 

20« 



ine vasopressin or DDAVP (Andersson & Arner 
1972; Becker & Foley 1978), a synthetic analogue 
of arginine vasopressin (AVP). Besides the most 
common mode of administration, intranasal, 
(Aronson et ah 1973; Robinson 1976) other routes 
have been used successfully including intraven- 
ous, intramuscular, subcutaneous and sublingual 
administration (Edwards et al. 1973; Grossman et 
al. 1980; Laczi et al. 1980). Recently oral (po) 
treatment has been described as an attractive 
alternative to IN administered DDAVP (Vilhardt 
et al. 1985). In a recent study we have demon- 
strated the feasibility and effectiveness of treat- 
ment of DI in children by the oral route (Fjelle- 
stad & Czernichow 1986). This has been con- 
firmed by other authors (Westgren et al. 1986). 
The purpose of the present study was to deter- 
mine the equivalent IN and po doses needed to 
obtain a similar biological effect. A study was 
therefore designed to compare the effect and 
plasma DDAVP profiles obtained after 10 and 20 
(ig of DDAVP, IN and after 200 and 400 (tg 
DDAVP, po, in 10 paediatric DI patients. 



Materials and Methods 

Patients 

Informed consent was obtained from all parents or 
adolescents and the protocol was approved by the 
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hospital ethical committee. Seven boys and three girls 
aged from 4.5 to 19 years (mean 9.4) had central DI of 
varying etiology: histiocytosis (N = 3), craniopharyn- 
gioma (N = 2), hypothalamic dysgerminoma (N = 1), 
and isolated idiopathic DI (N = 4). All children had 
previously been treated with IN DDAVP and 6 of them 
had been controlled successfully with po DDAVP for 
more than 18 months without any adverse reactions. 
When necessary, anterior pituitary replacement ther- 
apy was maintained during the study. 

DDAVP 

DDAVP was provided by Ferring Phamaceuticals, 
Malmo, Sweden. The IN solution was identical to the 
commercially available preparation (Minirin®, 100 mg/i) 
and tablets were provided containing 200 ug of DDAVP 
per tablet. 

Protocol 

Treatment with IN or po DDAVP was discontinued for 
36 h prior to the investigation. The patients were 
hospitalized for 5 days and they all received the differ- 
ent doses in the same order. Day 1 and 2: 10 and 20 ug 
of IN DDAVP and day 4 and 5: 200 and 400 ug tablets, 
respectively. The children did not receive any evening 
dose and'were without any treatment on day 3. All had 
a normal breakfast and fluid intake ad libitum was 
permitted throughout the study. DDAVP was admini- 
stered at the same time each morning and blood was 



collected at regular intervals for 12 h from a butterfly 
needle in a forearm vein. Urine volume, plasma (P osM) 
and urine (U osM) osmolality, and serum sodium were 
determined every hour for 2 h and every 2 h up to 12 h. 

Laboratory methods 

V osM and P osM were measured by an Advanced 
Osmometer. Blood (5 ml) was collected in heparinized 
tubes and plasma stored at -20°C. Plasma-DDAVP was 
measured by RIA (Lundin et al. 1985) using an anti- 
serum specific for DDAVP, raised in Dutch rabbits 
against 8-D-arginine vasopressin. DDAVP was ex- 
tracted from plasma (Robertson et al. 1973). 

Statistical analysis: Comparison between groups was 
assessed with Student's paired (-test. 



Results 

Antidiuretic effect 

The antidiuretic response following different 
doses of DDAVP is shown in Fig. 1 and Table 1. 
The U osM increased rapidly for all doses during 
the second hour and in a similar way after IN and 
po administration. Up to 8 h after administration 
there was no difference between the 4 doses. At 
8 h, the difference between 10 and 20 ug of IN 



Urine osmolality (mOsm/kg) 
1000 - 
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Table 1. 

Urine osmolality (mosmol/kg, mean ± SD) following intranasal and oral DDAVP 2, 
8 and 12 h after administration and U osM maximum values. 





Urine osmolality (mOsm/kg) 




Mean ± SD 


Max. ± SD 




2h 


8h 


12 h 


10 ug IN 
20 ug IN 
200ugpo 
400 (tg po 


630 ± 190 
540 ± 226 
530 ± 150 
585 ± 140 


555 ± 237 
761 ±282 
468 ±3 19 
671 ±242 


167 ± 158 
349 ±3 19 
221 ±283 
352 ±3 13 


756 ±201 
828 ± 198 
733 ± 156 
809 ± 77 



DDAVP was significant (P < 0.01). The maximum 
U osM was higher after the largest doses tested 
(20 ug IN and 400 ug po), but the difference was 
not significant. A difference was observed in the 
duration of effect. After 12 h the mean U osM was 
still above 350 mosmol/kg with 20 ug of DDAVP 
IN and 400 ug po, whereas with 10 |xg IN and 200 
|ig po the U osM was 167 and 221 mosmOL/kg, 
respectively. P osM remained stable during 12 h 
for the 4 doses. Free water clearance (FWC) 
showed no difference between doses or routes of 



administration of DDAVP and remained negative 
for 7 to 8 h. After administration of DDAVP, the 
mean FWC fell from 2.89 1/min to -0.24 after 2 h, 
was -0.39 after 8 h, and increased to +0.16 after 
12 h. The mean (± SD) duration of U osM 
remaining above 400 mosmol/kg was 7.4 h ± 3.0 
and 9.0 h ± 3.2 after 10 and 20 fig of IN DDAVP 
and 7.2 h ± 3.3 and 8.8 h ± 2.3 after 200 and 400 
ug po, respectively. A statistical difference was 
found only between 10 and 20 ug of in DDAVP 
(P < 0.05). 
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TabUZ. 

Plasma DDAVP: Pharmacokinetics of DDAVP in 10 DI patients following 10-20 ug 
of intranasal DDAVP and 200-400 ug of oral DDAVP (mean ± SD). Area under the 
curve, maximum concentration (plasma value and time in min to reach this value 
after administration of the drug), and plasma half-life are indicated. 



Dosage 


Area 
under the curve 


Maximum concentration 


half-life 
' T(h) 


<Mg) 


(ng/1 x h) 


ng/1 


T(min) 


Intranasal 
10 ug IN 
20ugIN 


156.6 ± 109.3 

239.7 ± 202.1 


41.4 ± 31.6 
75.6 ± 70.3 . 


41 + 23 
39 ± 14 


3.26 ± 0.50 
3.80 ±0.71 


Oral 
200 ug 
400 ug 


121.6 ± 67.1 
260.2 + 379.5 


33.2+ 30.7 
103.9 ± 176.4 


48 ±21 

49 ± 19 


3.97 ± 1.82 
2.64 ± 1.06 



Pharmacokinetics of DDA VP 

The plasma concentrations of DDAVP after IN 
and po administration of DDAVP are shown in 
Fig. 2 and Table 2. DDAVP appeared in the 
plasma already 20 min after administration. Maxi- 
mum concentration (see Table 2) was obtained for 
the different doses after 39 to 50 min and there- 
after the concentration decreased following first 
order kinetics for both the IN and po routes of 
administration. The calculated plasma fi-half-life 
of DDAVP ranged between 3.3 and 4.0 h and was 
not different after po or IN dosing. The area 
under the curve (AUC) for the plasma concentra- 
tion of DDAVP (Table 2) showed a significant 
difference between the two groups 10 ug IN/200 
ug po and 20 ug IN/400 ug po (P < 0.05). 



Discussion 

From the first description of the biological effect 
of DDAVP in humans, the clinical value of 
DDAVP in DI has been emphasized in several 
papers. However, DDAVP is usually administered 
intranasally and physicians are aware of the diffi- 
culties of, controlling polyuria when, for some 
reason, the nasal route is not available. It has been 
proved recently that AVP, 1-d-AVP, and especially 
DDAVP have a biological activity when taken 
orally. This is clinically valuable, especially in 
patients with defective eyesight, frequent rhinitis, 
and in small children. A dose-dependent antidiu- 
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retic response after intragastric or oral admini- 
stration of DDAVP has been shown in hydrated 
dogs, normal humans, and adults suffering from 
DI (Vilhardt & Bie 1983, 1984; Hammer & Vil- 
hardt 1985). After intragastric administration of 
DDAVP in rats, the plasma concentration of 
DDAVP confirms the gastrointestinal passage of 
this nonapeptide (Lundin et al. 1985). In a recent 
study, Fjellestad & Czernichow (1986) showed a 
dose response relationship of oral DDAVP in 10 
children with DI. The same children have been 
treated orally for more than 18 months, without 
any adverse reactions and showing no relapse in 
effect. As with the IN route, the po doses neces- 
sary presented large individual differences, but 
were higher in total dosage (100 to 300 ug 2 to 3 
times daily). Plasma concentrations of DDAVP 
measured after an iv bolus injection in patients 
with DI showed the plasma half-life to be 51 min 
(Edwards et al. 1973) and 158 min for the a and P 
phases, respectively (Pullan et al. 1978), and after 
IN administration the plasma half-life varied 
from 0.4 to 4 h (Seif et al. 1978). In these studies 
there was no correlation between plasma half-life 
and duration of antidiuretic effect, suggesting 
that the inter-individual differences observed in 
duration are related to the absorption. The anti- 
serum used in these studies for the measurement 
of DDAVP was raised in a non-specific way against 
vasopressin, and direct comparison with the re- 
sults of the present study is therefore difficult. 
Using a more specific RIA, Vilhardt et al. (1986) 
found a plasma half-life of 55 min after iv admini- 
stration in humans. 
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In Brattleboro rats, Lundin et al. (1985) showed 
a dose-dependent increase in the plasma concen- 
tration of DDAVP after intragastric administra- 
tion, still measurable after 6.5, but undetectable 
after 20 h. In the study by Hammer & Vilhardt 
(1985), the plasma concentrations after an oral 
dose of DDAVP increasing from 12.5 to 400 ug in 
4 adult DI patients, showed a dose-dependent 
increase and the calculated plasma half-life varied 
from 1.2 to 3.6 h. 

In our study, the plasma concentrations of 
DDAVP showed a peak which appeared early, and 
the plasma levels were still detectable after 8 h, 
suggesting a rapid transmucosal absorption from 
the gastrointestinal tract. The persistence of 
DDAVP in the plasma is probably due to slow 
elimination of the drug. However, according to 
the shorter half-life reported after iv administra- 
tion, the persistence of DDAVP in plasma after po 
administration may also be due to a prolonged 
absorption phase of the peptide. 

There was no significant difference in time till 
maximum concentration or in plasma half-life 
between the IN and po routes, and the maximal 
plasma concentration was dose-dependent. With 
regard to the AUC, the difference between the IN 
and the po route was significant in the two groups, 
10/200 ug and 20/400 ug (P < 0.05) showing a 
bio-equivalence between these two modes of ad- 

The IN doses necessary vary in several studies 
and are not found to be related to age, the severity 
of polyuria, or to the body weight of the patient 
(Aronson et al. 1973). In individual patients the 
antidiuretic effect may vary from 6 to 24 h after 
IN administration of 20 \ig (Robinson 1976) or 
from 5 to 21 h (Seif et al. 1978). In the present 
study, the individual variations were large too, as 
illustrated by the plasma DDAVP values. One 
patient had very low plasma DDAVP after po 
administration and needed high doses to maintain 
an acceptable antidiuresis, whereas this patient's 
in doses were not different from the mean doses. 
A different metabolism and /or clearance of 
DDAVP in some patients will necessitate an indivi- 
dual adjustment of the po regimen. 

Our conclusions from this study are that there 
is a relationship between dose and effect for the 
po route and that the ratio between the IN and po 
dose is 1:20. Even if the maximum U osM ob- 
tained with the IN and po doses was similar, it is 
important to consider the duration of effect after 



12 h. Therefore, we recommend doses of 400 ug 
two times or 200 ug three times daily for oral 
treatment. It is necessary, especially in children, to 
increase the evening dose to assure a satisfactory 
antidiuresis during sleep. 
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PATENT 

Attorney Docket No. SER-001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT(S): Seymour Fein GROUP NUMBER: 1614 

CONFIRMATION 7710 
NUMBER: 

APPLICATION NO: 10/706,100 EXAMINER: Tate 

FILING DATE: November 1 2, 2003 

TITLE: PHARMACEUTICAL COMPOSITIONS INCLUDING LOW 

DOSAGES OF DESMOPRESSIN 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, V A 22313-1450 

DECLARATION OF RONALD V. NARDI UNDER 37 CFR §1.132 

Sir: 

I, Ronald V. Nardi, declare as follows: 

1 . I have read the above-identified patent application, including the claims currently 
pending, the official action mailed March 14, 2007 finally rejecting the claims, and the 
references applied therein as a basis of the rejection. My curriculum vitae is attached as Exhibit 
A. In relevant summary, I hold a Ph.D. in Pharmacology/Toxicology; I have spent essentially 
my entire career working in companies in the business of developing drug formulations; and, I 
am very experienced in and familiar with the pharmaceutical properties of desmopressin. 
Among other positions, I worked from 1996 until 2002 with Ferring Pharmaceuticals, Inc. and 
Ferring Group Research and Development, which markets desmopressin for various urological 
pharmaceutical uses under the brand name Miriirin®. 



2. The above-referenced Fein application has been assigned to Reprise Pharmaceuticals, 
LLC, and all rights therein have been licensed exclusively world-wide by Reprise to Serenity 
Pharmaceuticals Corporation. Reprise holds an equity position and contractual right to royalties 
under any patent issued from the above-referenced application. I serve as a paid consultant to 
the licensee Serenity and hold an equity position in Reprise, through which I hope to benefit 
should the above-referenced application issue as a patent and a product covered by the claims 
thereof be marketed in the United States. 

3. At an interview in the Patent Office on April 26, 2007, 1 understood Examiner Tate to 
question whether a person of skill in the drug formulation art is able to make dosage forms 
falling within the claims. As a person of skill in this art, I can state without reservation that 
skilled persons were able, at the time the application was filed, to make various dosage forms 
adapted for intranasal, transmucosal, transdermal, conjunctival, or intradermal administration 
that will maintain in a patient a steady plasma/serum desmopressin concentration in the range of 
from about 0.1 picograms desmopressin per ml plasma/serum to about 10.0 picograms 
desmopressin per ml plasma/serum. Given the clearance rate of desmopressin (on the order of a 
1 .5 to 2.5 hour half-life in humans), this could be done simply by reducing the amount and/or 
concentration of active in a selected dosage form appropriately. Over the last 30 years the 
industry has developed sophisticated transmucosal drug delivery technology including intranasal, 
buccal, and sublingual dosage forms (as described in the specification of the Fein application), as 
well as intradermal and transdermal dosage forms. These provide a large number of options for 
the preparation of low dose desmopressin dosage forms having the properties set forth in the 
claims. 

4. I understand the claims stand rejected as being anticipated, that is, unpatentable because 
embodiments of the claimed compositions allegedly have been identically disclosed, by U.S. 
Patent Nos. 5,707,648 ("Yiv"), 6,693,082 ("Alonso"), 6,746,768 ("Shapiro"), and 4,863,737 
("Stanley et al."), and by Trinh-Trang Tan et al., (J. Am. Soc. Nephrol., 2000, Meeting Abstract), 
Wolfson et al. (Am. J. Gastroenterol., 1979), Jahr et al. (Anesthesia & Analgesia, 1992), Dixon 
et al. (Br. J. Radiol., 1981), Malan et al. (Toxicol. Methods, 1994), or Tormey et al. (Eur. J. 
Internal Medicine, 1992). 



5 . The Examiner states in his official action that: ( 1 ) the various desmopressin 
pharmaceutical compositions disclosed in the references are 

"adapted so as to be suitable for being added to an intranasal, transmucosal, transdermal, 
conjunctival, and or intradermal formulation/patch" 

and (2) that administration of the desmopressin pharmaceutical compositions disclosed in each of 
these references would 

"inherently provide the instantly claimed functional effect upon administration" in that, if 
the desmopressin formulations taught by the references were administered in a proper 
form, "a steady plasma/serum desmopressin concentration within the approximate 
instantly claimed range, as well as a decrease in urine production, would inherently 
occur." 

6. All of the pending claims require a pharmaceutical composition: 

in a dosage form adapted for intranasal, transmucosal, transdermal, conjunctival, or 
intradermal administration 

sufficient to establish in a patient 

a steady plasma/serum desmopressin concentration in the range of from about 0.1 
picograms desmopressin per ml plasma/serum to about 10.0 picograms 
desmopressin per ml plasma/serum and 

to decrease urine production. 

To a person of skill in the art, as the Applicant previously has noted, this means that the dosage 
forms claimed must establish a very low concentration of desmopressin in the patient's 
circulatory system which persists for some significant period of time at one or various 
concentrations within the recited low serum concentration range so that urine production is 
decreased for some constant and predictable period of time, e.g., 2-8 hours, or 4-6 hours. 

7. The dosage forms possessing the features recited in the claims achieve a novel and 
surprising effect, as they can effectively interrupt urine production - that is, induce voiding 
postponement, less frequent urination, and other antidiuretic effects, yet avoid, decrease or 
eliminate induction of hyponatremia. This is accomplished by controlling the duration of the 
anti-diuretic effect of desmopressin by controlling its blood concentration and switching it "off 



at the desired time as the concentration of the circulating drug is cleared by the body and falls 
below a concentration effective to activate kidney water channels. 



8. My review of the references suggests that none of them disclose, either expressly or 
inherently, any dosage form having the combination of features set forth in the claims. As set 
forth below in more detail, the Examiner is correct that some of the references disclose dosage 
forms that fairly can be said to be adapted for intranasal, transmucosal, intradermal, or 
transdermal administration. However, none inherently achieve, or expressly suggest achieving, 
"a steady plasma/serum desmopressin concentration in the range of from about 0.1 picograms 
desmopressin per ml plasma/serum to about 10.0 picograms desmopressin per ml 
plasma/serum ..." 

9. The prior art does disclose that desmopressin may be administered intranasally (see 
Shapiro; also, note that there is an FDA approved, intranasally administered desmopressin 
product on the market in the United States, see Focus on Urological Ind ications. Minirin® 
desmopressin , attached as exhibit B, hereinafter referred to as the "Monograph"), transmucosally 
(see Stanley et al., which discloses a "lollipop" formulation for "absorption through the mucosal 
tissues of the mouth, pharynx, and esophagus"), transdermally (see, U.S. Patent No. 4,878,892 to 
Sabalis et al., which discloses a device for transdermal transport of polypeptide such as 
desmopressin to the bloodstream of the patient), and intradermally (see U.S. Patent No. 
5,841,991 to Gross et al., which discloses intradermal drug delivery devices for delivering a 
liquid drug such as desmopressin to a subject via the subject's skin). However, none of the cited 
or applied references, and no reference known to me, teach any desmopressin dosage form which 
establishes a steady plasma/serum desmopressin concentration in the range of from about 0.1 
picograms desmopressin per ml plasma/serum to about 10.0 picograms desmopressin per ml 
plasma/serum and meets the other requirements of the claims. 

1 0. The bioavailability of a drug is defined as the amount of drug taken or administered that 
actually reaches the circulation and therefore can have a physiological effect. For desmopressin, 
which is a peptide hormone analog, oral, transmucosal, and transdermal bioavailability is poor 
because only a small fraction of the drug administered is able to reach a patient's bloodstream 
through the gastrointestinal tract, across mucosal tissues of the mouth or nasal passages, or 



through the skin. I believe the currently accepted oral bioavailability of desmopressin is about 
0.08% to 0.12% {see Monograph, page 5, Table 2). This bioavailability is low because 
molecules of the size of desmopressin are poorly absorbed and because peptides are inactivated 
by digestion in the stomach and the completeness of the digestion varies, influenced by many 
factors, including diet. Intranasal bioavailability of the currently available desmopressin product 
is about 3% to 4%, {see Monograph, page 5, Table 2). Oral transmucosal bioavailability of 
desmopressin is in the range of 0.25%. This range is low and very broad as the oral mucosal 
(buccal) surface area and permeability vary among individuals, and because the dwell time of 
any dosage form in position adjacent the membranes in the mouth varies widely, with unknown 
amounts of the active in conventional buccal dosage forms being diluted in saliva and 
swallowed, and essentially lost by digestion in the stomach. Transdermal bioavailability is 
dependent on many formulation factors known to the skilled artisan. Dosage forms adapted for 
parenteral delivery, including those adapted for subcutaneous, intramuscular, intra-arterial, and 
intravenous delivery modalities have a bioavailability of essentially 100%. 

1 1 . When bioavailability is taken into account, it is apparent that none of the cited references 
disclose an intranasal, transmucosal, transdermal, conjunctival, or intradermal dosage form that 
inherently achieves a steady plasma/serum desmopressin concentration in the range required by 
the claims. All of the dosages I have seen described in the applied art result in a serum 
concentration in excess of - and typically far in excess of - the concentration range recited in the 
claims. While it is possible to formulate low dosage forms if one sets out to achieve such a 
sustained low concentration, none of the cited references make any such attempt. The reason for 
this perhaps is that, at such low serum concentrations, desmopressin has been thought to be 
ineffective to interrupt urine production significantly. An example of this belief may be 
appreciated from a reading of Dixon et al. {Br. J. Radiol, 1981), cited by the Examiner. Dixon 
et al. disclose that a 200 ng IV dose of desmopressin (approximately 3 ng/kg for 70 kg person, 
essentially 100% bioavailable, producing a maximum desmopressin blood concentration greater 
than 10 pg/ml) does not produce a significant change in urine flow rates compared to saline 
controls {see page 642, "Effect of DDAVP on urine flow rate"). The authors chose, based on 
their studies, to evaluate 1 ug and 4 (a.g IV doses of desmopressin, both of which produced 
statistically significant reduction in urine flow rates and blood concentrations far in excess of that 
set forth in the claims. These data suggest that urine production is not affected by exogenous 



desmopressin at about 3 ng/kg (>10 pg/ml) but can be reduced with 1 ug doses (approx. 14 ng/kg 
and higher). In total, these data would suggest to me that doses having the properties required by 
the claims would be ineffective to interrupt urine production. 

12. U.S. Patent No. 5,707,648 to Yiv discloses a capsule "for oral, rectal, and vaginal, 
preferably oral and rectal, and more preferably oral," administration, with the lowest suggested 
dose being "13 micrograms of desmopressin for administration to dogs weighing from 9 to 12 
kg." This means that, at the known percent bioavailability of transmucosal or oral doses of 
desmopressin, and assuming the entire lowest dose is absorbed in 90 minutes, the serum 
concentration will be between about 50 and 150 pg/ml. But Yiv's purpose is to increase oral, 
rectal and vaginal bioavailability of desmopressin, thus to increase serum plasma concentration 
over that conventionally achieved with such dosage forms. The lowest amount of desmopressin 
suggested for use by Yiv that I could find is 4 ug in a subcutaneous dosage form for 
administration to 9-12 kg dogs. This dosage form would have approximately 100% 
bioavailability in the dog and would result in a serum concentration of about two orders of 
magnitude higher than the highest serum concentration delivered by the dosage forms claimed in 
this application. 

13. U.S. Patent No. 6,693,082 to Alonso et al. discloses intravenous dosage forms of 
desmopressin. However, there is no literal or inherent teaching in the reference that any 
desmopressin dosage form disclosed can or should establish a steady desmopressin 
plasma/serum levels between 0.1 and 10.0 picograms/ml. The lowest dosage of desmopressin I 
could find in Alonzo is 0.3 ug/kg of body weight which, for a 70 kg person, would mean about a 
20 ug dose. However, the only dosage forms taught by Alonzo appear to be intravenous, and 
thus characterized by 100% bioavailability. This means that plasma concentration (for a 10 
minute infusion) would be about two orders of magnitude higher than the highest serum 
concentration delivered by the dosage forms claimed in this application. 

14. U.S. Patent No. 6,746,678 to Shapiro discloses nasal administration of desmopressin in 
daily dosages ranging from 10 to 40 micrograms. However, these doses are conventional, and do 
not literally disclose or inherently establish a steady plasma/serum desmopressin concentration in 
the range of from about 0.1 picograms desmopressin per ml plasma/serum to about 10.0 



picograms desmopressin per ml. A single 10 ug intranasal dose, at the lowest estimate of the 
range of intranasal bioavailability, in some individuals, would introduce into the blood a bolus of 
300 to 400 ng of desmopressin, which when distributed would result in a desmopressin 
concentration of about 20-27 pg/ml, /'. e. , about double or more than the largest dose claimed. In 
reality, the marketed DDAVP intranasal dosage form is labeled for administration of 10 ug in 
each nostril, leading to at least about double this serum concentration. 

15. U.S. Patent No. 4,863,737 to Stanley et al. discloses a candy matrix for transmucosal 
delivery through the mucous membranes of the mouth, pharynx, and esophagus of drugs, 
including a long list of actives, and desmopressin, which can be present in amounts ranging from 
10 to 50 micrograms. During use of any such dosage form, saliva production and swallowing 
will vary greatly among patients, varying amounts of the active will be transported to the gut 
(essentially never reaching the blood stream), and some unknown amount will be transported 
transmucosally into the circulation as Stanley et al. suggest. As such, this reference does not 
literally or inherently disclose establishment of a steady plasma/serum desmopressin 
concentration in the range of from about 0.1 picograms desmopressin per ml plasma/serum to 
about 10.0 picograms desmopressin per ml. Stanley et al. contains no data or facts upon which 
one could know what level of desmopressin, if any, would or could be achieved by such dosage 
form in any individual. 

16. Trinh-Trang Tan et al, (J. Am. Soc. Nephrol., 2000, Meeting Abstract), Wolfson et al. 
(Am. J. Gastroenterol, 1979) Jahr et al. (Anesth. Analg., 1992), Dixon et al. (Br. J. Radiol., 
1981), Malan et al. (Toxicol. Methods, 1994) and Tormey et al. (Eur. J. Intern. Med, 1992) 
disclose dosage forms adapted for intravenous, intra-arterial, subcutaneous, or intramuscular 
administration of desmopressin. One cannot take a dosage form intended for such direct 
administration to the circulation and use it in very different intranasal, transmucosal, 
transdermal, conjunctival, or intradermal administration without significant modification. 
Accordingly, none of these references disclose a dosage form "adapted for intranasal, 
transmucosal, transdermal, conjunctival, or intradermal administration" as required by all claims 
in this application. Furthermore, all of the concentrations observed to have an anti-diuretic effect 
are disclosed to be present in the bloodstream of the patients or test animal involved at much 
higher blood concentrations than that required by the claims. 
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17. In conclusion, the Patent Office' s position, that administration of the desmopressin 
dosage forms disclosed in the cited references inherently would establish in a patient a steady 
plasma/serum desmopressin concentration in the range of from about 0.1 picograms 
desmopressin per ml plasma/serum to about 10.0 picograms desmopressin per ml plasma/serum, 
appears to be incorrect. I was unable to find any disclosure in any of the cited references of any 
intranasal, transmucosal, transdermal, conjunctival, or intradermal dosage form which inherently 
establishes desmopressin plasma/serum levels within the recited range. 

18. I could find no disclosure in any of the cited references that suggests that any blood 
concentration or dosage form of desmopressin is capable of safely interrupting urine production, 
enabling voiding postponement, or reducing the frequency or time between urination voiding, 
without substantial risk of dangerous side effects such as risk of developing hyponatremia, or 
that desmopressin blood concentrations in the range required by the claims necessarily is 
achieved or should be achieved by any of the dosage forms disclosed for any reason. None of 
the dosage forms in the cited references could produce or credibly claim to produce and maintain 
blood levels of desmopressin within the instantly claimed range so as to consistently and 
predictably control the duration of anti diuretic effect by controlling the timing of the 
pharmacological "off mechanism. 

19. I hereby declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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RONALD VINCENT NARDI, Ph.D. 

32 Hutton Drive 
Mahwah, New Jersey 07430 



BACKGROUND SUMMARY 

Research and Development Executive broadly experienced in Drug Discovery and Development, 
Regulatory Affairs and Manufacturing. 

• Doctoral degree in pharmacology/toxicology 

• 28 years experience in drug discovery/development 

• Supervision of R&D management, scientific personnel, drug discovery/development 
programs and budgets 

• Responsibility for 26 INDs, 8 NDAs, 8 new pharmaceutical product approvals (6 
since 1996) and 3 new device approvals 

• Corporate management experience including strategic direction assessments, 
development of business plans and integration of commercial and R&D goals 

• Involvement and contributions in all aspects including: 

• identification of new therapeutic targets 

• discovery of novel NCEs 

• preclinical and clinical research and development 

• formulation and analytical methods development 

• project and program management 

• regulatory affairs including IND and NDA submissions and approvals and 
interactions with regulatory agencies 

• manufacturing: operations and process development 

• medical/marketing interface 

• business development including acquisitions of technology and products, out- 
licensing and corporate partnerships 

• Scientific articles in protein chemistry, pharmacology, cardiovascular diseases, 
gastrointestinal diseases, infertility, endocrinology, drug development, growth factors, 
and R&D management 

• Patents on diagnostic and therapeutic innovations 

• Experience with biotech industry (turn around and start-up situations) including 
preparation of business plan, financial management and venture fund raising, 
recruiting management and scientific staff and planning of personnel and facilities 
growth; 

• In multiple small company situations, built substantial new product and NCE 
portfolios with global commercial potential in excess of $2.0B. 



RONALD VINCENT NARDI, Ph.D. 

32 Hutton Drive 
Mahwah, New Jersey 
201-891-9132 (home) 
201-848-4984 (fax) 
rvnardi@aol.com 

EDUCATION 

B.A. 1970 Biology, Temple University, 

Ph.D. 1977 Pharmacology /Toxicology, Rutgers University, 
PROFESSIONAL EXPERIENCE 

Chief Scientific Officer & Executive Vice President 2004-present 
BioValve Technologies Inc. 

Westborough, Massachusetts and Ramsey, New Jersey 
Responsibilities 

• Pharmaceutical and Technology Research and Development 

• Regulatory Affairs 

• Portfolio management 

• Project management 

• R&D budget management 

Selected Accomplishments 

• Regulatory approvals for 3 medical devices used to deliver novel therapeutics. 

• Developed the therapeutic product portfolio to enable transition of the company from a 
technology development organization to a specialty pharmaceutical company with 
drug/device and drug only product opportunities. 

• Identified and facilitated acquisition of development stage pharmaceutical company 
with a portfolio of pharmaceutical product opportunities. 

• Intellectual property discoveries and inventions leading to patent application for novel 
devices (1) and NCEs (3 series of dopamine receptor agonists and antagonists) 

• Established and prioritized research stage through clinical development stage portfolio 
of therapeutic products with global commercial potential in excess of $3. OB. 

• Provide the scientific support to the capital-raising activities of the company including 
technology licensing deals and equity investments. 

Senior Vice President & Chief Scientific Officer 2003-2004 
PDI Inc. 

Research and Development 
Upper Saddle River, New Jersey 



Corporate responsibilities 

• Corporate Research and Development 
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• Worldwide Regulatory Affairs 

• R&D Portfolio management 

• R&D business development 

• Project management 

• R&D budget management 

Chief Scientific Officer & Executive Vice President 

Ferring Group Research and Development 2001-2002 
Ferring Pharmaceuticals SA, Switzerland' 
Ferring International Center A/S, Denmark 

Corporate responsibilities 

• Corporate Discovery Research 

• Corporate Clinical Research and Development 

• Pharmaceutical Research and Development 

• Non-clinical safety and Toxicology 

• Worldwide Regulatory Affairs 

• R&D Portfolio management 

• R&D business development 

• International project management 

• R&D budget management ($70M+; 300+scientific staff) 

Selected Accomplishments 

• Approval of company's first global development product. 

• INDs approved for 2 NCEs, CTXs approved for 3 NCEs 

• Revised development program for highest priority NCE to increase market potential 
and cut development timeline 

• Developed patent-protected line extension strategy for company's largest product 

• Established a global drug development operation and organization 

• Improved the medical/marketing interface and established a collaborative interaction 
between corporate R&D and the Operating companies 

• Expanded drug discovery research activities to build a new product pipeline with 
market potential of $2.0B 

• Acquired technology to improve drug discovery operation 

• Acquired two research stage product opportunities 

• Established three development partnerships based on Ferring intellectual property 

Vice President, Scientific and Regulatory Affairs 1996-2001 
Ferring Pharmaceuticals, Inc., Tarrytown, New York 

Selected Accomplishments 

• FDA Approvals for five new products; supplemental NDA approvals affecting four 

products in the portfolio. 
•Established functional departmental structure. Recruited staff for drug development, 

regulatory affairs, and manufacturing capabilities in the US. 



Ronald V. Nardi 
April, 07 



4 



•Established a cooperative medical/marketing interface to facilitate data oriented 

marketing of company products 
•Established liaison with corporate drug discovery, drug development, regulatory 

affairs and manufacturing functions. 
•Planning, implementation and completion of 6 new product programs for the US 

market including IND and NDA submissions 
•Planning, implementation and completion of the first global drug development 

program within Ferring organization 

• Preparation and filing of first international registration dossier within Ferring 

Research and Development Responsibilities 

• US Clinical Research and Development 

• US Drug Development programs 

• Pharmaceutical Development 

• Regulatory Affairs 

• Project Management 

• Manufacturing Process Development 

Vice President, Clinical and Regulatory Affairs 1993-1996 
CIBUS Pharmaceutical, Inc., Redwood City, CA 

Corporate Research Interests: 

• Controlled delivery and tissue specific delivery of orally administered drugs 

• Novel Therapies for Gastrointestinal Diseases 



Research and Development Responsibilities 

• Clinical Research and Development 

• Regulatory Affairs 

• Project Management 

President 

PeptiMed Inc., Cambridge, Massachusetts. 



1992-93 



Corporate Research Interests: 

• Gastrointestinal Diseases 

• Peptides of the Gastrointestinal Organs 

• Systemic Diseases related to Proteins of the GI Tract 

Corporate Responsibilities 

• Develop broad-based GI disease research and development strategy 

• Established research programs supporting founding technology 

• Acquired additional early stage technology 

• Established new research program based on staff discoveries 

• Recruit management and scientific staff 

• Manage corporate research and development programs 
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• Develop business plan to raise equity capital from venture sources 

• Business development 

• Chairman, Corporate Research Committee 

• Member, Scientific Advisory Board 

Associate Research Fellow, Experimental Therapy, 1 990-92 

Warner-Lambert Pharmaceutical Research, Ann Arbor, Michigan 
Director, Gastrointestinal Disorders Research 

Research Interests and Research and Development Responsibilities: 

• Gastrointestinal Diseases including mucosal repair and neoplasia 

Role of tissue non-specific and tissue specific growth factors in GI pathologies 

• Quantitative image analysis in diagnostic imaging of the gastrointestinal, cardiovascular 
and central nervous systems 

• Develop human research programs on pathophysiology and pharmacology 

• Develop GI disease research strategy for WL/PD and coordinate Gl-related research 

• Established 3 new research initiatives (2 progressed to clinical trials) 

• Identified 4 internal projects relevant to GI diseases (2 INDs resulted) 

• Identify therapeutic targets 

• Evaluate NCEs for their therapeutic potential and pharmacologic activity 

• Collaborate with clinical research on the development NCEs 

Senior Scientist, Section Head Clinical Biochemistry, 1986 - 90 

Glaxo Inc., Research Triangle Park, North Carolina 

Research Interests and Responsibilities: 

• Gastrointestinal Diseases including mucosal repair and neoplasia 

• Quantitative image analysis in diagnostic imaging of the gastrointestinal, cardiovascular 
and central nervous systems 

• Develop human research programs on disease pathophysiology and pharmacology 

• Coordinate activities of exploratory development project teams through the IND filing 
and early human trials (Project Leader for one program) 

• Coordinated multidisciplinary research activities in discovery/development research 
programs (Project Leader for three programs) 

• Evaluate NCEs for their therapeutic potential 

• Collaborate with clinical research personnel on the development NCEs 

Associate Director, Clinical Pharmacology, 1 986 

Glaxo Inc., Research Triangle Park, North Carolina 

Associate Director, Clinical Investigations, 1 983-86 

Glaxo Inc., Research Triangle Park, North Carolina 

Clinical Research and development Responsibilities: 

Evaluation of new compounds for clinical development and use in: 
gastrointestinal diseases cardiovascular diseases 
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hematologic disorders CNS and anesthesia 

• Prepared sNDA for GERD indication for ZANTAC 

• prepared Gastrointestinal Diseases Advisory Committee presentation, 

• Direct preparation of sNDA for Long-term Treatment of Duodenal Ulcers indication for 
ZANTAC 

• prepared Gastrointestinal Diseases Advisory Committee presentation, 

• Provide technical support and advice to Marketing 

• Identify and/or develop clinical pharmacology evaluation methods to facilitate drug 
development process 

• Devise and implement clinical operating plan for evaluation of NCEs 

• Prepare INDs for four NCEs 

Assistant Director, Clinical Research and Development, 1980-83 
Wyeth Laboratories, Inc., Radnor, Pennsylvania 

Clinical Research and Development Responsibilities: 

• Evaluation of NCEs for the treatment of cardiovascular diseases 

• Review scientific literature on cardiovascular pathophysiology and pharmacology 

• Provide technical advice and supportive documentation to the cardiovascular marketing 
group 

• Devise and implement clinical operating plans for Phase I - III programs 

• Assist in the preparation of the Guanabenz NDA 

• Prepare Cardio-Renal Advisory Committee presentation for guanabenz 

• Direct and review preparation of NDA for Guanabenz/HCTZ combination 

• Prepared IND for two NCEs 

Research Associate, 1979-83 
Assistant Director of Hypertension Laboratories, 

Division of Nephrology and Hypertension, Hahnemann Medical College and Hospital, 
Philadelphia, Pennsylvania 

Postdoctoral Fellow, 1977-79 
Institute for Cancer Research, Fox Chase Cancer Center, 
Philadelphia, Pennsylvania 

Graduate Fellow, 1972-76 
Rutgers University, New Brunswick, New Jersey 
Dr. N. Ronald Morris - thesis advisor 

Dr. Donald J. Wolff - interim advisor (sabbatical of Dr. Morris) 
Thesis: Microtubule Assembly: Studies on the Mechanism of Griseofulvin Inhibition 

Graduate Teaching Assistant, 

CMDNJ-Rutgers Medical School, Rutgers University, 

New Brunswick, New Jersey 

Department of Bacteriology, 1 972 

Department of Pharmacology, 1 973-75 
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AWARDS 

United States Public Health Service Predoctoral Fellowship; 1 972-74 
Rutgers University, New Brunswick, New Jersey 

National Cancer Institute Postdoctoral Traineeship, 1977-79 
Institute for Cancer Research, Philadelphia, Pennsylvania 

PROFESSIONAL ACTIVITIES 

Member, Scientific Advisory Board, 

Loats Associates Inc, Westminster, Maryland 1987 - 2000 

Member, Executive Advisory Board, 1989 - 91 

Member, Technical Advisory Board, 1989-91 
Marmoset Research Colony at Oak Ridge, Oak Ridge, Tennessee 

Member, Board of Directors 1 992-93 
PeptiMed Inc, Cambridge, Massachusetts 

Chairman, Board of Directors 2001-02 
Ferring Research Institute, San Diego CA 



Chairman, Board of Directors 

Ferring Research LTD, Chilworth, England 



2001-02 



Ronald V. Nardi 8 
April, 07 

BIBLIOGRAPHY 

PATENTS 

Ronald V. Nardi and Prabhavathi B. Fernandes (1980). Process for Detecting Proteins Specific 
to Hypertension in Mammals. United States Patent No. 4321,120 issued 23 March 1982. 

Ronald V. Nardi, Tancum Amarant, Antonio Guglietta and Indu Parikh (1991). Growth Factor 
Compositions, Preparation and Use. United States Patent No. 5,434,135 issued 17 July 1995 
(foreign patents pending). 

Ronald V. Nardi, Tancum Amarant, Antonio Guglietta and Indu Parikh (1992). Growth Factor 
Compositions, Preparation and Use. United States and foreign patents pending. 

Stephen Brand and Ronald V. Nardi (1992). Treatment of Diabetes Mellitus. United States and 
foreign patents pending 

INVITED PRESENTATIONS AND VIDEOTAPES 

Quantitative Endoscopy: Morphometric Analysis of Gastrointestinal Lesions. Presented at the 
AGA/GRG Topic Forum on Applications of Newer Endoscopic Technology (1988). 

Epidermal Growth Factor- The Future of Cytoprotection? Presented at the American College of 
Gastroenterology conference on Innovations in the Diagnosis and Treatment of Gastrointestinal 
Disorders (1989). 

The Future of Video Endoscopy and Digital Imaging. Presented at the American College of 
Gastroenterology conference on Innovations in the Diagnosis and Treatment of Gastrointestinal 
Disorders (1989). 

New Diagnostic Technologies in Endoscopy. Presented at the American College of 
Gastroenterology conference on Innovations in the Diagnosis and Treatment of Gastrointestinal 
Disorders (1989). 

Quantitative Endoscopy: A New Approach (1989). Glaxo Research Laboratories Presented at 
Third International Congress on Video Endoscopy. 

Using Early Drug Development Data to Design Phase III Studies (1990). Presented at Drug 
Information Association Workshop Statistical Issues in the Pharmaceutical Industry: Analysis 
and Reporting of Phase III Clinical Trials including Kinetic/Dynamic Analysis and Bayesian 
Analysis. 

Strategic Integration of Drug Discovery and Development Activities (1993). Presented at Drug 
Information Association Annual Meeting. 

Doctor, Lawyer, Merchant Chief: Who Should Direct the Licensing Organization and Licensing 
Strategy (1993). Presented at the Licensing Executive Society Annual Meeting. 



Ronald V. Nardi 
April, 07 



9 



Early Stage Company Perspective on the Value of CROs (1994). Presented at the Third Annual 
Conference on Re-engineering Drug Development Through Partnerships with CROs 

BOOKS AND BOOK CHAPTERS 

N. Ronald Morris, Richard Felden, Michael A. Gealt, Ronald V. Nardi, Geraldine Sheir-Neiss 
and Marilyn M. Sanders (1977). The Aspergillus Nucleus: Histones, Chromatin, and Tubulin. In 
Genetics and Physiology of Aspergillis. J. Smith and J. Pateman, Eds. Academic Press, London. 

David M. Cocchetto and Ronald V. Nardi (1988). Challenges to Maintaining Continuity 
Through Expanded Clinical Trials and the Approval Period. In: Clinical Drug Trials and 
Tribulations (Allen E. Cato ed.). Marcel Dekker, Inc., New York, PP 253-274. 

Ronald V. Nardi, Antonio Guglietta, and Indu Parikh (1991). Epidermal Growth Factor. In: the 
Pharmacology of Peptic Ulcer Disease. (Ed Stanley Benjamin and Martin Collen) Springer- 
Verlag, Berlin Handbook of Experimental Pharmacology 99, 37-54. 

David M. Cocchetto and Ronald V. Nardi, Managing the Clinical Drug Development Process. 
Marcel Dekker, Inc., New York, (1992). 

Neal K. Clapp, Marsha A. Henke, Robert M. Hansard, Robert L. Carson, Linus Adams and 
Ronald V. Nardi (1992). Time Course and Pathogenesis of Idiopathic Colitis in the Cotton-Top 
Tamarin. In: A Primate Model for The Study of Colitis and Colonic Carcinoma: The Cotton-top 
Tamarin (Saguinus oedipus) , (ed. Neal K. Clapp). CRC Press. 

Neal K. Clapp, Marsha A. Henke, Robert M. Hansard, Robert L. Carson, and Ronald V. Nardi 
(1992). Do repeated Colonic Mucosal Biopsies Impact Mortality in Cotton-top Tamarins. In: A 
Primate Model for The Study of Colitis and Colonic Carcinoma: The Cotton-top Tamarin 
(Saguinus oedipus ), (ed. Neal K. Clapp). CRC Press. 

PUBLICATIONS 

Ph.D. Thesis - Microtubule Assembly: Studies on the Mechanism of Griseofulvin Inhibition 
(1977). 

M. Abou-Sabe and R. Nardi (1973). On the Regulation of cyclic 3-5' Adenosine-Monophosphate 
levels in Bacteria. Stimulation of the Adenyl Cyclase Activity in vitro by Glucose in a Mutant of 
E. coli B/r. BBRC 51, 551-557. 

G. Sheir-Neiss, R.V. Nardi, MA. Gealt and N.R. Morris (1976). Tubulin-like Protein from A. 
nidulans BBRC 69, 285-290. 

Kenneth M. Newrock, Candido R. Alfageme, Ronald V. Nardi and Leonard H. Cohen (1977). 
Histone Changes During Chromatin Remodeling in Embryogenesis. Cold Spring Harbor 
Symposium on Quantitative Biology, 42, 421-431. 



Ronald V. Nardi 
April, 07 



10 



Prabhavathi B. Fernandes, Ronald V. Nardi and Samuel G. Franklin (1978). The Resolution of 
Membrane Proteins Based Upon Size, Charge and Hydrophobicity. Analytical Biochemistry 91, 
101-114. 

R. Nardi, R. Carretta. H. Sawa, M. Bianchi, and M. Fernandes (1980). A Characteristic 
Variation in the Electrophoretic Pattern of Plasma Proteins in Essential Hypertension. Lancet ii, 
182-184. 

R. Nardi, R. Rutsaert, R. Carretta, H. Sawa, M. Bianchi and M. Fernandes (1981). Characteristic 
Variation in the Plasma Proteins in Essential Hypertension. Clinical and Experimental 
Hypertension, 3, 775-781. 

R. Carretta, R. Nardi and M. Fernandes (1983). Sensitivity of the baroreceptors to the onset and 
early phases of renovascular hypertension in the rat. Minerva Nefrol. 30, 141-148. 

David M. Cocchetto and Ronald V. Nardi (1986). Benefit/risk Assessment for Investigational 
Drugs: Current Methodology, Limitations, and Alternative Approaches. Pharmacotherapy 6: 286- 
303. 

Ronald V. Nardi and David M. Cocchetto (1987). Achievement of Continuity and Research 
Equity in Clinical Drug Development. J Clin Res Drug Dev. 1:153-165. 

Malcolm Robinson, W.C. Orr, R. McCallum and R. Nardi (1987). Do the Endoscopic Findings 
for Gastroesophageal Reflux Disease Patients Influence Response to H2 Antagonist Therapy. Am 
J Gastroenterology 82: 519-522. 

Stephen Sontag, Malcolm Robinson, Richard McCallum, Kenneth W. Barwick, and Ronald 
Nardi for the USA Glaxo Gastroesophageal Reflux Study Group (1987). Ranitidine Therapy for 
Gastroesophageal Reflux Disease. Results of a Large Double-blind Trial. Arch Intern Med 147: 
1485-1491. 

Ronald V. Nardi, (1987). Commentary on "Prolonged Normotension after Abrupt Withdrawal of 
Terazosin Treatment: Implications for Studies of the Efficacy of Antihypertensive Drugs." J Clin 
Res Drug Dev. 1:301-305. 

A. Guglietta, R. Nardi and L.H. Lazarus (1989). Indomethacin (icv) Reverses the Inhibitory 
Action of Peptides on Gastric Secretion. Euro. J. Pharm. 170: 87-90. 

B. Termanini, RV Nardi, TM Finan, I Parikh and LY Korman (1990). Insulin-like Growth 
Factor-I receptors in Rabbit Gastrointestinal Tract: Characterization and Autoradiographic 
Localization. Gastroenterology 99: 51-60. 

Antonio Guglietta, Teresa Hervada and Ronald V. Nardi (1990). Computer-based Quantitative 
Morphometric Analysis of the Dynamic Characteristics of Indomethacin and ETOH induced 
Gastric Lesions in the Rat. J Pharmacol. Methods 24:73-78. 



Ronald V. Nardi 
April, 07 



11 



Kim R. Geisinger, K. Todd Cassidy, Ronald V. Nardi, and Donald O. Castell (1990). The 
Histologic Development of Acid-Induced Esophagitis in the Cat. Modern Pathology 3: 619-624. 

Antonio Guglietta, Teresa Hervada and Ronald V. Nardi (1990). The use of a Thymidine 
Incorporation Assay in the Evaluation of the Healing Process Following Ethanol- or 
Indomethacin-induced Gastric Damage in Rats. Meth. Find. Exp. Clin. Pharmacol. 12:163-166. 

Anton N. Sidawy, Basel Termanini, Ron V. Nardi, John W. Harmon and Louis Y. Korman 
(1990). Insulin-like Growth Factor I receptors in the arteries of the rabbit: Autoradiographic 
mapping and receptor characterization. Surgery 108: 165-171. 

James F. Ward and Ronald V. Nardi (1991), Using Early Drug Development Data to Design 
Phase III Studies. Clin Trials. Drug Information Journal, 25:335-344. 

Antonio Guglietta, Teresa Hervada and Ronald V. Nardi and Charles Lesch (1992). Effect of 
PDGF-BB on Indomethacin-induced gastric lesions in rats. Scand J Gastro. 

Kenyon CJ, Nardi RV, Wong D, Hooper G, Wilding IR, Friend DR. 

Colonic delivery of dexamethasone: a pharmacoscintigraphic evaluation. Aliment Pharmacol 
Ther. 1997; 11(1): 205-13. 

Gocial B, Keye WR, Fein SH, Nardi RV. 

Subcutaneously administered Repronex in female patients undergoing in vitro fertilization is as 
effective and well tolerated as intramuscular menotropin treatment. Repronex SC, IVF Study 
Group. Fertil Steril. 2000;74(l):73-9. 

Nichols J, Knochenhauer E, Fein SH, Nardi RV, Marshall DC. 

Subcutaneously administered Repronex in oligoovulatory female patients undergoing ovulation 
induction is as effective and well tolerated as intramuscular human menopausal gonadotropin 
treatment. Fertil Steril. 2001;76(l):58-66. 

Dickey RP, Thornton M, Nichols J, Marshall DC, Fein SH, Nardi RV. 

Comparison of the efficacy and safety of a highly purified human follicle-stimulating hormone 
(Bravelle) and recombinant follitropin-beta for in vitro fertilization: a prospective, randomized 
study. Fertil Steril. 2002;77(6): 1202-8. 

ABSTRACTS 

M. Abou-Sabe and R. Nardi (1973). On the Regulation of CAMP level in E. coli B/r. Fifth 
Miami Winter Symposium. 

Leonard H. Cohen, Kenneth Newrock, Ronald V. Nardi and Candido R. Alfageme (1978). 
Histones and the Generation of Chromatin Diversity in Development. Third International 
Conference on Differentiation. 



Ronald V. Nardi 
April, 07 



12 



P. Fernandes, R. Nardi and S. Franklin (1978). Resolution of Bacterial Membrane Proteins on 
the Basis of Size, Charge and Hydrophobicity on Triton-Urea- Acetic Acid Gels. First ASM 
Conference on Microbial Membranes. 

R. Carretta, R. Nardi, H. Sawa, M. Bianchi, C. Swartz and M. Fernandes (1979). Analysis of the 
Baroreflex during the Maintenance of Two-Kidney Renal Hypertension in the Rat. The 
International Conference on the Baroreflex, Oxford. 

R.W. McCallum, F. Eshelman, R. Nardi and the GER Study Group (1984). A Double-Blind 
Multicenter Trial to Compare the Efficacy of Ranitidine (R) and Placebo (P) in the Short-Term 
Treatment of Chronic Gastroesophageal Reflux Disease (GERD). Gastroenterology: 86, 179. 

Malcolm G. Robinson, W. C. Orr, F. Eshelman, R. Nardi (1984). Controlled Trial of Ranitidine 
in Reflux Esophageal. American Journal of Gastroenterology: 79, 817. 

T.W. Zimmerman, S. Sontag, M. Robinson, R.W. McCallum, R.J. Vlahcevic, J. Behar, R. Nardi 
and GERD Study Group. Ranitidine Treatment of Gastroesophageal Reflux Disease (GERD) In 
the Elderly (1985). Gastroenterology^, 1644. 

Richard McCallum, S. Sontag, Z. Vlahcevic, M. Robinson, W.C. Orr, T. Zimmerman, J. Behar, 
R. Nardi, and the GERD Study Group (1985). American Journal of Gastroenterology: 88, 864. 

P. Bright-Asare, I.G. Giannikopoulos, D. Kogut, W. Snape, E. Thomas, S. Lorber, J. Isenberg, L. 
Kaplan, J. Lewis, C. Mayberry, and R. Nardi (1986). Ranitidine 300 mg HS and placebo in short- 
term treatment of duodenal ulcer- double blind randomized controlled trial. Gastroenterology: 90, 
1357. 

R.W. McCallum, M. Robinson, J. Behar, and R. Nardi (1986). Ranitidine in the long-term 
treatment of gastroesophageal reflux disease (GERD): A randomized double-blind trial. 
Gastroenterology: 90, 1541. 

R.V. Nardi and D.M. Cocchetto (1987). Utility of Extensive Evaluation of Treatment Failures 
During Development of an Investigational Drug. J. Clin. Res. Drug Dev.: 1, 234. 

L.Y. Korman, R.V. Nardi and B.F. Overholt (1988). Quantitative Analysis of Endoscopic 
Images: Ulcer Area Measurements using Computer-Based Image Morphometry. 
Gastroenterology: 94, A236. 

R.V. Nardi, B.F. Overholt, S. Benjamin, D. Fleischer, D. Zimmon and L.Y. Korman (1988). 
Quantitative Endoscopy: Morphometric analysis of gastrointestinal lesions. Gastroenterology: 
94,A321. 

B.F. Overholt, S.J. Chobanian, R.C. DeNovo, E.D. Wood and R.V. Nardi (1988). A New 
Animal Model for the Study of Gastric Ulcer Healing. Gastroenterology: 94, A329. 



Ronald V. Nardi 
April, 07 



13 



B. Termanini, T.M. Finan, R.V. Nardi and L.Y. Korman (1989). Insulin-like Growth Factor-I 
Receptors in rabbit Gastrointestinal Tract: Localization and Characterization. Gastroenterology: 
96, A508. 

L.Y. Korman, B. Termanini, J.W. Harmon, T.M. Finan, and R.V. Nardi (1989). Insulin-like 
Growth Factor Receptors in Human Gastrointestinal Tract: Localization and Characterization. 
Gastroenterology: 96, A357 

K.R Geisinger, K.T. Cassidy R. Nardi and D.O. Castell (1989). The Histologic Development 
and Healing of Acid-Induced Esophagitis in the Cat. Gastroenterology: 96, A168. 

S. Benjamin, L. Korman, H. Loats, D. Fleischer and R. Nardi (1989) Quantitative Evaluation of 
Re-epithelialization of Gastric and Duodenal Ulcers. Gastroenterology: 96, A38. 

B.F. Overholt, R.C. DeNovo and R.V. Nardi (1989). Kinetic Analysis of Ulcer Re- 
epithelialization in a Canine Gastric Ulcer Healing Model. Gastrointestinal Endoscopy. 

Neal K. Clapp, Marsha A. Henke, Robert M. Hansard, L. Adams, Robert L. Carson, J.V. 
Hawkins and Ronald V. Nardi (1991). Colonic Polyps Associated with Colitis in Cotton-top 
Tamarins ( Saguinus oedipus ): Progression to colonic carcinoma. Gastroenterology 100, A3 55. 

Neal K. Clapp, Marsha A. Henke, Robert M. Hansard, Robert L. Carson, and Ronald V. Nardi 
(1991). Effect of repeated Colonic Mucosal Biopsies on Mortality in Four Age-Matched Cohorts 
of Colitic Cotton-top Tamarins. Gastroenterology 100, A567. 

A. Guglietta and R.V. Nardi (1992). PDGF-BB Accelerates Healing of Indomethacin-induced 
Gastric Lesions in Rats. Gastroenterology 102, A77. 

Neal K. Clapp, Marsha A. Henke, Robert M. Hansard, L. Adams, and Ronald V. Nardi (1992). 
Does Idiopathic Ulcerative Colitis in Cotton Top Tamarins (CTT) Resemble the Human Disease. 
Gastroenterology 102, A607. 



Exhibit B 



FOCUS ON UROLOGICAL INDICATIONS 




DESMOPRESSIN 



DESMOPRESSIN 

(MINIRIN®, DDAVP®) 
FOCUS ON UROLOGICAL INDICATIONS 



DESMOPRESSIN (MINIRIN®, DDAVP®) 

FOCUS ON UROLOGICAL INDICATIONS 



Sponsored as a service to medicine by Ferring AB 

Published by Adis International Limited 

Chowley Oak Lane 
Tattenhall 
Chester 
CH3 9GA 

©1 998 Ferring AB 

Editorial development by Adis International Limited 

All rights reserved, including that of translation into other languages. No part of this publication may be reproduced 

or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording or any 

information storage and retrieval system, without permission in writing from Ferring AB. 

Editorial content: Although great care has been taken in compiling and checking the information given in this 

publication to ensure that it is accurate, the publisher shall not be held responsible for the continued currency of 

the information or for any errors, omissions or inaccuracies in this publication. 

The opinions expressed in this publication are not necessarily those of the publisher or sponsor. 



adis 



ISBN I 898970 67 X 



Contents 



Summary v 

Introduction vi 

Pharmacology I 

Role of vasopressin in the control of water reabsorption in the kidney 2 

Pharmacodynamics 3 

Preclinical studies 3 

Clinical studies 3 

Antidiuretic effects 3 

Hormonal and cardiovascular responses 3 

Pharmacokinetics 5 

Absorption 5 

Distribution 6 

Clearance 6 

Urological indications 7 

Central diabetes insipidus 7 

Clinical experience with desmopressin 7 

Intranasal administration 7 

Oral administration 9 

Dose equiVa/ence between intranasal and oral treatments 1 0 

Parenteral desmopressin 10 

Nocturnal enuresis 10 

The impact of nocturnal enuresis 12 

Pathogenesis 12 

Sleep pattern 1 2 

Bladder behaviour and characteristics 1 2 

Nocturnal diuresis 1 3 

Nocturnal secretion of vasopressin 1 3 

Genetic disposition 1 3 

Treatment 13 

Conditioning treatment 1 5 

Medico/ treatment 15 

Parasympatholytics 1 5 

Tricyclic antidepressants 1 6 

Desmopressin 1 6 



General comments on the treatment of nocturnal enuresis 19 

Urinary incontinence and nocturia 19 

Pathogenesis 19 

Clinical studies 20 

Intranasal desmopressin 20 

Oral desmopressin 22 

Renal concentrating capacity test (RCCT) 22 

Application of the RCCT 23 

Indications for the RCCT 24 

Urinary tract infections 24 

Investigation of polydipsia/polyuria 24 

Detection of renal impairment in patients receiving lithium 24 

Early detection of renal dysfunction caused by analgesics 24 

Clinical safety 25 

References 26 



NUMMARY 



Several decades of experience with desmopressin (Minirin®, DDAVP®) have confirmed its 
efficacy and excellent tolerability profile. Desmopressin thus remains the drug of choice in the 
treatment of diabetes insipidus and primary nocturnal enuresis and is a convenient and reliable 
method of determining renal concentrating capacity. Furthermore, patients with urinary 
incontinence and/or nocturia may also benefit from treatment with desmopressin, but its 
usefulness in these indications requires further investigation. 

• Desmopressin is a synthetic analogue of vasopressin and acts as a direct agonist at renal V 2 
receptors, regulating the volume and osmolality of the urine. 

• Desmopressin is devoid of the pressor effects of vasopressin. 

• Desmopressin has a longer duration of action and a more potent antidiuretic activity than 
vasopressin. 

• Desmopressin has been the treatment of choice in patients with central diabetes insipidus 
for more than 20 years, being well tolerated and highly effective in long-term use. 

• Desmopressin supplements the low nocturnal levels of vasopressin present in many children 
with primary nocturnal enuresis, thus reducing the likelihood of enuresis. 

• The desmopressin renal concentrating capacity test provides an early indication of renal 
dysfunction and is useful in the differential diagnosis of central/ nephrogenic diabetes 
insipidus. 

• Desmopressin is preferred over the water deprivation and Pitressin® tests for the 
measurement of renal concentrating capacity. 

• Abnormalities of endogenous vasopressin production may be central to urinary incontinence 
in some patients. 



.INTRODUCTION 



Desmopressin* (Minirin®, DDAVP®) is a synthetic analogue of the naturally occurring 
antidiuretic hormone vasopressin. All patients with central diabetes insipidus and many patients 
with primary nocturnal enuresis have a deficiency of endogenous vasopressin, and the efficacy of 
hormone replacement therapy with desmopressin in these patients is well established. 
Furthermore, its renal concentrating capacity has made it a useful and convenient tool for the 
early diagnosis of renal dysfunction. Patients with urinary incontinence and/or nocturia may also 
benefit from treatment with desmopressin, but its usefulness in these indications requires 
further investigation. 

Desmopressin has proved to be safe and well tolerated in clinical practice. A potential risk 
with desmopressin is fluid retention, which can, however, be avoided by controlling fluid intake. 

Desmopressin has provided a major advance in the treatment of conditions attributable to a 
deficiency of the endogenous hormone. This monograph provides readers with a complete and 
up-to-date analysis of studies with desmopressin in the treatment of diabetes insipidus and 
primary nocturnal enuresis and in tests of renal concentrating capacity. The use of desmopressin 
in the treatment of urinary incontinence and/or nocturia is also evaluated. Additionally, 
desmopressin is used in the treatment of various bleeding disorders, such as haemophilia A and 
von Willebrand's disease. This therapy, which requires 10-15 times higher doses than the 
antidiuretic treatment, has been extensively reviewed and will not be discussed further here.! 1 - 2 ) 



For the purposes of this monograph, all dosages of desmopressin refer to dosages of desmopressin acetate. 



HARMACOLOGY 



Desmopressin ( I -deamino-8-D-arginine- 
vasopressin) (Minirin®, DDAVP®) is a synthetic 
analogue of the naturally occurring antidiuretic 
hormone 8-arginine vasopressin. Vasopressin 
acts directly on the kidney to regulate the 
reabsorption and excretion of water. 



Desmopressin (Minirin®, DDAVP®) 
has a longer duration of action 
than vasopressin and is without 
pressor effects 

Vasopressin activity is exerted through V, 
and V 2 receptors. The former mediates effects 
on smooth muscle and the latter mediates 
antidiuretic activity (table I). Desmopressin 
has no effect on V, receptors but has greater 
potency than vasopressin on renal V 2 receptors.! 3 ! 

Structurally, desmopressin differs from 
vasopressin in two principal ways: the absence 
of an amino group at position I and the 
substitution of D-arginine at position 8 (fig. I ). 
These modifications enhance the resistance of 
the molecule to enzymatic breakdown, 



1 Si! .1 - 1 > . . t 
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increase the antidiuretic activity and eliminate 
the pressor effect 

Thus, desmopressin has a prolonged and 
more potent antidiuretic effect compared with 



Table 1 , Vasopressin receptor sites and activity 




V, Smooth muscle of blood vessels, Vasoconstriction; uterine 

uterus and intestine contraction; increased intestinal 

peristalsis 

V 2 Kidney, thick ascending limb of Antidiuretic activity 

Henle's loop and collecting tubules 



1 



the natural hormone. Additionally, the pressor 
effect of vasopressin is avoided because 
desmopressin has no action on smooth muscle. 

Role of vasopressin in the 
control of water reabsorption 
in the kidney 

Vasopressin is synthesised in the hypothalamus 
and stored in the posterior pituitary gland. 





Secretion is regulated by changes in plasma 
osmolality and changes in extracellular 
volume.! 4 ! Reductions in blood volume or 
blood pressure also stimulate vasopressin 
secretion. Such changes may occur during 
sleep: in healthy individuals there is a nocturnal 
increase in vasopressin that is associated with 
a decrease in urinary output.! 5 ] 

Healthy individuals have an increase 
in nocturnal vasopressin secretion 
accompanied by a fall in urinary 
output 

The collecting duct is the principal site of 
action of vasopressin (fig. 2). The presence of 
vasopressin, acting on V 2 receptors on the 
cells that make up the distal tubules and the 
collecting ducts, greatly increases the water 
permeability of these cells. 

Flow of water from the distal tubules and 
collecting ducts also requires the presence of a 
surrounding hypertonic interstitium to create 
an osmotic driving force for water movement. 
After reaching the interstitium, water 
re-enters the systemic circulation via the 
peritubular capillary network. 



Pharmacodynamics 



Preclinical studies 

The antidiuretic activity of desmopressin 
(Minirin®, DDAVP®) has been investigated in 
numerous animal models, including hydrated 
rats and Brattleboro homozygous rats 
(a species that cannot synthesise vasopressin). 

In Brattleboro rats, desmopressin (10 or 
50 ng/kg) produced complete anuria for 
2—4 hours; urine output returned to baseline 
after 10-14 hours.! 6 ! Furthermore, in order to 
achieve a similar antidiuretic effect in water- 
loaded rats, the dose of vasopressin needs to be 
500 times greater than that of desmopressin.! 7 ! 

Oral desmopressin (Minirin®, 
DDAVP*) significantly enhances 

antidiuretic activity while oral 

vasopressin results in only 
insignificant antidiuresis in rats 

The antidiuretic potency of desmopressin 
after oral administration may be attributable 
in part to its resistance to degradation by 
digestive enzymes, as demonstrated by Matsui 
et al.M In this study, the antidiuretic activity of 
vasopressin was completely abolished following 
incubation with digestive enzymes. In contrast, 
the activity of desmopressin was either 
unaffected or only partially affected. 

Clinical studies 
Antidiuretic effects 

The antidiuretic effect of desmopressin has 
been demonstrated in studies in hydrated, 



healthy volunteers. In a representative study, 
mean urinary output was reduced from 
15 ml/min to 2 ml/min 30 minutes after the 
administration of intranasal desmopressin 
20 u.g. A minimal rate of urine production of 
around 0.6 ml/min was seen 5 hours after 
treatment, while urine osmolality increased 
from a baseline value of 1 00 mOsm/kg to 
around 800 mOsm/kg.Pl 

In a study in hydrated volunteers receiving 
oral desmopressin (20, 40 and 200 ug) there 
was a dose-dependent reduction in urine 
volume and a concomitant increase in urine 
osmolality.! 10 ] 

Hormonal and cardiovascular responses 

The hormonal, biochemical and cardiovascular 
responses to desmopressin have been 
investigated in both volunteers and patients 
with primary nocturnal enuresis. 

Fluid-deprived adult volunteers (n=6) were 
treated with intravenous desmopressin 
0.4 ug/kg, a dose 10-fold higher than that 
required for antidiuretic purposes, to determine 
hormonal and cardiovascular responses. Five 
minutes after the infusion, subjects exhibited 
facial flushing, a 13% decrease in mean diastolic 
blood pressure and an 1 8% increase in mean 
pulse rate. A significant increase in plasma 
renin activity and plasma Cortisol levels was 
observed, but there were no significant changes 
in plasma levels of luteinising hormone, follicle- 
stimulating hormone, thyroid-stimulating 
hormone, prolactin or growth hormone.! 1 '! 



Similar haemodynamic effects were seen in the 
same study when intravenous desmopressin 
was administered to 5 patients with central 
diabetes insipidus. 

Desmopressin (Minirin®, DDAVP®) 
does not affect endogenous 
vasopressin secretion. Routine 
laboratory tests are normal after 
desmopressin administration 



The hormonal and biochemical effects of 
vasopressin were further investigated in 
7 patients with primary nocturnal enuresis who 
were treated with intranasal desmopressin 
1 0 |ig or 20 ug for 4-24 (mean 1 3) months. 
Desmopressin had no significant effect on 
endogenous vasopressin secretion, and 
routine laboratory tests were normal in 
all patients. The Cortisol estimations 
showed a normal diurnal variation in each 
case.1'2] 



HARMACOKINETICS 



The pharmacokinetics of desmopressin 
(Minirin®, DDAVP®) have been investigated 
after oral, intranasal, intravenous and 
subcutaneous administration to healthy 
volunteers (table 2) and after oral and 
intranasal administration to patients with 
diabetes insipidus.t 13 ' 14 ] 

Absorption 

Significant plasma concentrations of 
desmopressin are observed after oral 
administration to healthy adults. Desmopressin 
is detectable in plasma within 30 minutes of 
either intranasal or oral administration; 
maximal concentration and maximal response 
are dose-dependent and are achieved within 
2 hours. Lam and colleagues investigated the 
pharmacokinetics of intranasal and oral 
desmopressin in 10 Chinese adults with 



Maximum plasma desmopressin 
(Minirin® DDAVP®) 
concentrations are achieved 
within 2 hours of intranasal or oral 



of 



central diabetes insipidus.! 14 ] Following 20 Ug 
intranasally and 200 |ig orally, respective 
plasma desmopressin concentrations (mean 
± standard error) peaked after 45.6 + 7.3 and 
93.3 ± 3.3 minutes, reaching conce 
24.1 ± 4.7 and 15.1 ± 3.2 pmol/L. Respective 
terminal half-lives were 2.2 ± 0. 1 and 2.0 ± 
0. 1 hours. Based on the area under the 
concentration-time curve, the bioequivalent 
intranasahoral ratio was 1:16. 

Absorption of desmopressin after oral 
administration occurs primarily in the 



Table 2. Mean pharmacokinetic parameters of desmopressin in 8 healthy volunteers 
following different routes of administration (reproduced with permission)! 13 ! 



Route 




Dose 


Pharmacokinetic paramete 






-\ :' : 


(H9) 


AUC 

(pmol-L-'h 


- 1 ) (pmol/L) 


Tma* 

(min) 


Bioavailability 3 


Intravenous 


2 


114.4 








Subcutaneous 


2 


189.4 


58.3 


41.4 


NR 


Intranasal 


20 


58.9 


19.9 


60.0 


3.4% 


Oral 


200 


23.8 


12.7 


71.4 


0.1% 



a Compared with the intravenous route. 

Abbreviations: AUC = area under the plasma-concentration time curve; C m0J1 = peak 
plasma concentration; NR = not reported; T max = time to C max . 



Desmopressin (Minirin®, 
DDAVP*) bioavailability may be 
optimised by administration half an 
hour before or 2 hours after a meal 

duodenum and the proximal jejunum. 
Consequently, absorption may be reduced in 
conditions of rapid intestinal transport. 
Absorption is reduced if desmopressin is 
administered with food.! 15 ! Therefore, in cases 
where the effect of desmopressin is less 

Desmopressin (Minirin®, 
DDAVP®) undergoes biphasic 
elimination 

than optimal, the bioavailability of orally 
administered desmopressin may be improved 
by appropriate timing of the dose (i.e. at 



least half an hour before or 2 hours after a 
meal). 

Distribution 

The apparent volume of distribution of 
desmopressin is relatively small (0.2 L), 
indicating that it does not enter the 
intracellular compartment.! 16 ] Furthermore, 
results obtained in patients with communicable 
hydrocephalus indicate that desmopressin does 
not penetrate the blood-brain barrier.! 17 ! 

Clearance 

The elimination of desmopressin is bi- 
exponential, with a rapid first phase and 
a slower second phase, with half-life values 
of 8 minutes and 1-2 hours, respectively.! I3 ' I8 1 
Urinary clearance is variable (1.19-3.83 ml- 
min-'-kg- 1 ) after intravenous, intranasal 
or oral administration of desmopressin.! 13 ) 



Urological indications 



The three main indications for desmopressin 
(Minirin®, DDAVP®) as an antidiuretic are: 

• central (cranial) diabetes insipidus 

• primary nocturnal enuresis 

• renal concentrating capacity test (RCCT). 

Desmopressin has also been investigated 
for the treatment of urinary incontinence 
and/or nocturia. It is approved in the UK for 
nocturia associated with multiple sclerosis. 

Central diabetes insipidus 

Central diabetes insipidus (also known as 
cranial or neurogenic diabetes insipidus) arises 
from a deficiency in vasopressin secretion. 
Symptoms include thirst, polydipsia and 
polyuria with nocturia. The daily water 
turnover is 4-20 L, depending on the severity 
of the vasopressin defect. A dangerous 
hyperosmolality or dehydration may develop 
within hours and consciousness may be lost. 
Patients with central diabetes insipidus 
respond to the administration of desmopressin 
with a prompt increase in urine osmolality. 
However, patients with renal (nephrogenic) 
diabetes insipidus show little or no response 
to desmopressin administration. 

Clinical experience with desmopressin 
Previous therapies for central diabetes 
insipidus (posterior pituitary extracts, lysine 
vasopressin and non-hormonal drugs) were 
limited by a short duration of action, adverse 
effects and poor antidiuretic efficacy. The first 



clinical study of desmopressin indicated a 
considerable improvement over vasopressin 
therapy in patients with diabetes insipidus.! 6 ] 
Subsequent clinical trials in this indication 
showed desmopressin to be superior to 
vasopressin and other non-hormonal agents 
and established desmopressin as the drug of 
choice in central diabetes insipidus.! 1920 ] 

Desmopressin (Minirin' 5 ', DDAVP®) 
is superior to vasopressin and non- 
hormonal agents for the treatment 
of central diabetes insipidus 

Intranasal administration 
The intranasal dose required to control 
diabetes insipidus varies considerably between 
patients and does not appear to correlate with 
age, bodyweight, body surface area or the 
severity of polyuria.! 2 '] The effect of intranasal 
desmopressin in patients with central diabetes 
insipidus was reported by Robinson.! 22 ] 
Desmopressin was effective in all cases, the 
effect being noted within the first hour of 
administration and persisting for 8-20 hours. 
The effect of the drug usually ceased rather 
abruptly over 60-90 minutes, when an 
increased flow of urine was noted by the 
patient. The response pattern varied from case 
to case, though repeat administrations to a 
given patient yielded similar results. The crucial 
determinant of the frequency of administration 
(I, 2 or 3 times daily) necessary to control 



Individualisation of the dosage 
regimen is required to optimise the 

therapeutic response to 
desmopressin (Minirin®, DDAVP ) 
in central diabetes insipidus 

urine output was the duration of the response. 
No side effects, such as increased pulse rate, 
increased blood pressure, abdominal cramps 
or flushing, were noted by any patient during 
the initial administration of desmopressin or 
during 6 months' maintenance treatment, 
and no patient manifested changes in 
haemoglobin, red cell count, white cell count 



or serum levels of sodium, potassium, chloride 
and carbon dioxide, plasma osmolality, blood 
urea nitrogen, creatinine, albumin, cholesterol, 
bilirubin, aspartate aminotransferase (GOT), 
alkaline phosphatase or fasting blood sugar. 

In 36 children with central diabetes 
insipidus, intranasal desmopressin was superior 
to any prior treatment with respect to urine 
volume reduction and urine concentration 
maintenance in the same patients (table 3). 
Furthermore, the ease of administration 
increased patient compliance with desmopressin 
therapy.P'] 

Clinical experience has shown that the 
average daily intranasal dosage for central 



Table 3. Urine volume and osmolality in 36 children with central diabetes insipidus receiving a variety of 
treatments (reproduced with permission of S Karger AG. 8aseI)P 1 3 



Therapy 


No. of 


Daily dose 


Urine 




Urine 


(route of 


patients 




volume 


specific 


osmolality 


administration) 






(U24 hours) 


gravity 


(mOsm/kg 
H 2 0) 


Baseline 


36 




4.0-12 


1000-1003 


44-220 


Pitressin® tannate 


18 


2-5 IU 


2.0-3.5 


1007-1018 


215-390 


in oil (IM) 












Pitressin® powder 


14 


40-80 mg 


1.8-3.6 


1004-1018 


190-390 


(IN) 












Lysine-8- 


3 


8-20 IU 


2.4-3.8 


1008-1016 


140-289 


vasopressin (IN) 












Chlorpropamide 


2 


200-400 mg 


4.0-6.0 


1006-1008 


156-203 


(oral) 












Desmopressin (IN) 


34 


2.5-30 ng 


0.9-1.7 


1012-1025 


420-1005 



diabetes insipidus is 1 0-20 u.g once or twice 
daily in adults and 5- 10 u.g once or twice daily 
in children. 

Oral administration 

Clinical studies have clearly demonstrated the 
efficacy of oral desmopressin in the treatment 
of diabetes insipidus.! 23 - 25 ! Adverse reactions 
were few and similar to those reported with 
intranasal treatment. 

As was the case with intranasal 
administration, oral dosage requirements were 
unrelated to age, severity of polyuria or 
bodyweight. Although it was not possible to 
establish a relationship between the efficacy 
of intranasal and oral administration that 
could be used to predict individual dosage 
requirements, it was suggested that the oral 
dosage needed to treat diabetes insipidus 
would be larger than the intranasal 
dosage.! 25 ! 

A 10-year follow-up was performed on 
6 patients who were included in a study 
published in 1 986.P 4 ! The patients (now 
I 4—27 years of age) were treated with oral 
desmopressin throughout this period. The 
total 24-hour dose was 0.2-1.6 mg, and the 
frequency of administration was 3 times daily 
in all but one case (for whom it was twice 
daily). All patients were well controlled, with 
the volume of urine ranging from 620 to 
1 500 ml/24 hours. The patients were also 
very satisfied with the efficacy and convenience 
of oral desmopressin therapy. A series of 



clinical chemistry tests showed no significant 
changes that could be related to desmopressin 
treatment, and no adverse events were 
reported.!'] 

As with intranasal therapy, the oral dosage 
required to control diuresis is highly individual. 
For an adult patient with diabetes insipidus, a 
suitable dosage is 0. 1-0.2 mg two to three 
times daily. In rare instances, a higher dosage 
(0.8-1.6 mg/day) might be necessary. Patients 
who use intranasal desmopressin can be 
switched to the oral treatment overnight. 

It is possible to switch patients 

from intranasal to oral 
administration of desmopressin 
(Minirin® DDAVP®) overnight 

Fjellestad-Paulsen and colleagues assessed 
the safety and efficacy of long-term treatment 
with oral desmopressin in eight patients (aged 

3- 21 years) with central diabetes insipidus.! 26 ! 
Five normal children of both sexes (aged 

4- 19 years) served as controls. As expected, 
urine osmolality was lower and urine volumes 
were larger among the patients vs the controls. 
No differences were seen between patients 
and controls with respect to plasma osmolality 
and sodium levels. The mean concentrations of 
atrial natriuretic peptide and aldosterone in 
the plasma were somewhat lower in the 
patients than in the controls, although the 
difference was not statistically significant. In 



addition, there was no significant difference in 
plasma renin activity between the two groups. 

The efficacy of the desmopressin tablet was 
very similar after I year and after 3.5 years of 
treatment. The disease was well controlled 
in all cases, mean daily diuresis being 1.7 L, 
with an absence of nocturnal polyuria. There 
was no relationship between the oral dose 
required and the previous intranasal dose, or 
the age or weight of the patient. No adverse 
reactions or clinically important deviations in 
laboratory values were reported. No circulating 
antibodies to desmopressin were detectable. It 
was concluded that long-term treatment with 
oral desmopressin is safe and effective. 

Lam and co-workers performed a I -year 
prospective study in 10 Chinese adults with 
central diabetes insipidus previously controlled 
with intranasal desmopressin.! 14 ! Oral 
desmopressin (300-600 u.g/day in 2-3 doses) 
produced and maintained a stable and 
satisfactory antidiuresis, comparable to that 
seen with the previous intranasal therapy. The 
oral treatment was well tolerated, with no 
events warranting drug withdrawal. 

Dose equivalence between intranasal and oral 

The use of oral desmopressin was investigated 
in 1 2 patients with diabetes insipidus who 
were previously well controlled with intranasal 
therapy.! 27 ! The oral dose of desmopressin 
was increased until the daily urinary output 
volumes became equal to those produced 



during intranasal therapy. The antidiuretic 
dose-equivalence ratio for intranasahoral 
desmopressin ranged between 1:15 and 1 :30 
(mean ratio 1:18). This ratio is in agreement 
with results obtained in enuretic children by 
Janknegt and colleagues, who found the efficacy 
of a 20 u.g intranasal dose to be similar to that 
of an oral 400 ug dose.! 28 ! 

Parenteral desmopressin 
Desmopressin is administered parenterally 
in the initial treatment of early 
postneurosurgical central diabetes insipidus 
before intranasal administration is initiated. 
Parenteral desmopressin is initiated at 
relatively low doses (0.1-0.5 ug) and the 
antidiuretic effect usually lasts for 8-12 hours. 
In a study by Chanson et al., postoperative 
central diabetes insipidus was corrected 
6 hours after initiation of a 3-day course of 
desmopressin I, 2 or 4 ug intramuscularly 
every 12 hours.! 2 '! The effect on diuresis and 
osmolality was maximal from 1 8 hours 
onwards. Tolerability was excellent: 1 1/ 
1 5 patients (73%) had mild hyponatraemia 
without clinical sequelae. 

Nocturnal enuresis 

Monosymptomatic nocturnal enuresis is 
defined as exclusive night-time wetting in the 
absence of the following factors: 

• daytime incontinence of any type or severity 

• increased frequency of micturition (voiding 
>8 times a day) plus urgency (a sudden desire 



to void that has to be obeyed immediately 
in order to avoid incontinence) 

• voiding postponement, with infrequent 
voidings (<3 voidings per day) 

• habitual holding manoeuvres such as sitting on 
the heel (i.e. squatting) or pinching the penis 

• prolonged initiation of voiding and/or 
straining and/or interrupted (fractionated) 
voiding. 

A lower age limit for the definition has not yet 
been set, but the usual age at which this is 
considered a clinical problem is around 
5 years. 

Monosymptomatic nocturnal enuresis has 
been categorised into two types: 

• primary nocturnal enuresis - a disorder in 
children who have never been consistently dry 

• secondary or onset enuresis - a disorder 
in those who start wetting the bed again 
after a significant dry period. 

Monosymptomatic nocturnal enuresis is 

r, 20% of boys and 1 0% of girls are 
it 6 years of age. Primary nocturnal 
enuresis accounts for around 90% of these 
cases,! 30 ! and incidence declines with age, but 
2-3% of patients continue to wet the bed 
during their late teens and early adulthood.! 3 '] 
These 2-3% will probably have a lifelong 
problem (fig. 3).I«I 

Spontaneous resolution of nocturnal 
enuresis has been reported in up to 14-16% of 
cases annually.! 303 '1 



Nocturnal enuresis has been 
described as one of the most 
common of all childhood problems 
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The impact of nocturnal enuresis 
Nocturnal enuresis often leads to considerable 
emotional disturbance,! 30 ' 33-36 ! has a deleterious 
impact on self-esteem,! 37 ! and puts a significant 
financial burden on the child's family.! 383 '! 

Nocturnal enuresis results 
in significant emotional 
disturbances and puts a significant 
financial burden on the child's 
family 

Pathogenesis 

The pathogenesis of nocturnal enuresis has 
recently been extensively reviewed by 
Norgaard et al.! 40 ! 

Currently, there is a consensus among 
opinion leaders from all specialities worldwide 
that psychopathology is not a major factor 
in the aetiology of nocturnal enuresis. 
Indeed, it has been noted that the mental 
health of bedwetting children improves 
after their enuresis has been treated 
successfully.! 37 " 1 ] 

From a theoretical viewpoint, there appear 
to be four important factors influencing the 
pathogenesis of nocturnal enuresis: 

• sleep pattern 

• bladder behaviour and characteristics 

• nocturnal diuresis 

• genetic disposition. 



Sleep pattern 

Contrary to previous views, children with 
nocturnal enuresis have the same sleeping 
patterns as non-enuretic children, and enuretic 
episodes are equally distributed over all stages 
of sleep.! 4243 ] However, results of a recent 
questionnaire-based survey of 7- to 1 0-year- 
olds indicate a significant difference in 
subjective arousability between enuretic and 
non-enuretic children, with the former group 
characterising themselves as very difficult or 
almost impossible to arouse from sleep and 
the latter group usually considering themselves 
easy or fairly easy to awaken.! 44 ) 

Children with nocturnal enuresis 
have the same sleeping patterns as 
non-enuretic children 

Bladder behaviour and characteristics 
Urodynamic studies in enuretic patients have 
been performed with both invasive and non- 
invasive techniques, but these have not given 
any positive findings: bladder size is found to 
be normal even in large populations of 
enuretics.! 45 46 ! Additionally, daytime bladder 

Urodynamic investigations 
have indicated that the cause 
of bedwetting in the majority of 
cases is not related to bladder 
dysfunction 



function is normal in these individuals and no 
correlation has been found between nocturnal 
instability and the time of enuresis.! 43 ! 

Nocturnal diuresis 

It has been known for many years that a 
substantial number of enuretic patients 
produce large amounts of urine during sleep. 
However, little attention was paid to this 
finding until the last 10 years, when new 
theories emerged concerning important factors 
in the pathogenesis of nocturnal enuresis. 

The normal regulation of urine production 
leads to a significantly decreased urinary 
output during sleep, and the concentration of 
urine also becomes optimal.! 47 ! This finding 
could not be reproduced in studies of patients 
with nocturnal enuresis, and consequently 
water metabolism in children became a subject 
for further investigation. 

Nocturnal secretion of vasopressin 
Normally, humans have a diurnal rhythm in the 
rate of urinary output that is reciprocal to 
urine osmolality; the secretion of endogenous 
vasopressin is increased at night, resulting in 
reduced urinary output and increased urine 
osmolality (fig. 4).[ 43 48 1 Patients with nocturnal 
enuresis have a less pronounced increase in 
nocturnal endogenous vasopressin or even a 
reversal in the diurnal rhythm. This explains 
the large volumes of dilute urine that are 
produced, which in turn lead to overfilling of 
the bladder and hence enuresis.! 43 ' 4 '] 



It is important to note that bladder capacity 
is often normal in patients with nocturnal 
enuresis, which emphasises the role of 
vasopressin and nocturnal polyuria in the 
underlying aetiology.! 48 > S0 > s| ] 

Genetic disposition 

Most evidence supports a biological aetiology 
and genetic predisposition for nocturnal enuresis 
(table 4).t«] Males are affected more than 
females and the risk of developing nocturnal 
enuresis increases if one or both parents were 
enuretic as children (45-75%, respectively).!" 53 ) 
A genetic locus corresponding to nocturnal 
enuresis has variously been identified on 
chromosome 1 2q! 54 l and chromosome 1 3q,! 53 ] 
substantiating an inherited dysfunction. 

Treatment 

When the child gains sufficient maturity and 
motivation to co-operate (usually around 
7 years of age), a variety of treatments can be 
offered.! 36 ] Understanding, optimism and 
reassurance are considered necessary 
elements in the initial approach to treatment 
of any enuretic patient. There are two main 
modes for the active treatment of bedwetting: 

• conditioning devices (e.g. enuresis alarms) 

• medical treatment. 

f*atient counselling and reassurance 
form an integral part of the 
treatment of nocturnal enuresis 



Table 4. Support for a biological aetiology in primary 
Hereditary 

• A clear genetic predisposition for nocturnal 
enuresis exists! 52 ] 

Sleeping pattern 

• Children with primary nocturnal enuresis have the 
same sleeping pattern as normal childrenW 2 43 i 

Urodynamlcs 

• Bladder instability is not a significant factor in the 
pathogenesis of primary nocturnal enuresis! 43 ! 

• Small functional bladder capacity was not a 
requirement for the attainment of dryness in 
children treated with the enuresis alarm! 50 ) 



needed to verify the exact cure rate of this 
treatment modality. 

Medical treatment can be offered to 
patients unresponsive to alarm treatment or 
who come from families unable to support 

Medical treatment 

Three types of pharmacological agents have 
been evaluated in studies of bedwetting: 

• parasympatholytics 

• tricyclic antidepressants 

• the antidiuretic desmopressin (Minirin®, 
DDAVP®) . 



Conditioning treatment 
Conditioning treatment with enuresis alarms is 
considered by many to be the first treatment 
choice in enuretic children. However, the initial 
arrest of enuresis by the alarm does not result 
in a permanent cure in all patients. For example, 
among children treated with the alarm, only 
55% remained dry after 6-12 months.! 5055 ! 
Moreover, 44% of children cured by enuresis 
alarms had a negative opinion of this method.! 56 ! 

Heavy demands are placed on parents by 
alarm treatment and its use may be limited by 
difficulties in obtaining adequate family co- 
operation.! 57 ! When these factors are taken 
into consideration and the family feels able to 
co-operate, the treatment is often successful 
and in many patients can result in long-term 
dryness. However, long-term studies are 



Parasympatholytics 

Oxybutynin is an antimuscarinic agent that 
diminishes the frequency of involuntary 
bladder muscle contractions and increases 
bladder capacity.! 58 ! However, it is associated 
with antimuscarinic adverse events (e.g. dry 
mouth, visual impairment, constipation) that 
often prevent optimisation of the dosage 
regimen. Only one study has evaluated the 
efficacy of oxybutynin in paediatric nocturnal 
enuresis.! 5 '! This study, which was placebo- 
controlled, found no significant differences 



Current evidence suggests that 
parasympatholytics as single 
therapy are not effective in 
nocturnal enuresis 



between oral oxybutynin 1 0 mg and placebo in 
terms of the frequency of nocturnal enuresis. 

Tricyclic antidepressants 

Tricyclic antidepressants have some effect on 
enuresis, probably arising from autonomic 
modulation. However, they are unsuitable for 
the treatment of nocturnal enuresis because 
of their association with serious adverse 
effects, including psychomotor and cognitive 
impairment, sedation and cardiac toxicity. 
Tricyclic antidepressants are therefore not 
recommended for the treatment of patients 
with nocturnal enuresis. 

Tricyclic antidepressants are not 
recommended in primary 
nocturnal enuresis 

Desmopressin 

Desmopressin is effective and well tolerated in 
children with nocturnal enuresis.! 12 ' 60 ] The long- 
term efficacy and tolerability of desmopressin in 
the treatment of severe nocturnal enuresis have 
also been proved favourable.! 6 '] 

Studies investigating the efficacy of oral or 
intranasal desmopressin generally comprise an 
initial dosage-titration phase (around 4 weeks) 
to determine the optimum dosage for a given 
individual. The patient subsequently continues 
to receive this dosage during the maintenance 
phase of the study. A review by Houts et al. 
investigated the efficacy of desmopressin in 



14 studies of patients with nocturnal 
enuresis.!"] In these studies, the number of 
enuretic episodes was reduced by up to 
3.2 per week. Selected studies are summarised 
in table 5. 

Desmopressin (Minirin®, 
DDAVP®) has shown favourable 
results in terms of efficacy and 
tolerability in children with 
nocturnal enuresis 



Desmopressin is available in both intranasal 
and oral dosage forms for the treatment of 
nocturnal enuresis. Both are effective and well- 
tolerated in clinical use.! 6164 ) 

Intranasal desmopressin The results of 
several studies indicate that intranasal 
desmopressin is the drug of choice in nocturnal 
enuresis.! 36 ] Indeed, one randomised, double- 
blind, crossover study of 28 children and adults 
with nocturnal enuresis reported that the titrated 
effective dosage of intranasal desmopressin 
significantly decreased the number of wet 
nights per week by >90% in 68% of the 
patients.! 6 '] 

In another study by Terho, 52 children aged 
5-13 years (most of whom were refractory 
to previous treatment) were randomised to 
four periods of 3 weeks each: two periods 
on placebo and two periods on intranasal 
desmopressin 20 ug.! 67 l There was a significant 



increase (p<0.0 1 ) in the number of dry nights 
per week from 0.6 at baseline to 4.3 and 4.6 
during the two 3-week periods of treatment 
with desmopressin. During the corresponding 
3-week placebo periods, 2. 1 and 2.4 dry nights 
per week were recorded.! 67 ! 

Miller et al. evaluated the long-term efficacy 
of desmopressin in 55 children who had 

Intranasal desmopressin (Mlnirin*, 
DDAVP*) has proved effective in 
patients refractory to previous 
treatments 

initially received intranasal desmopressin 40 ug 
per night for 2 weeks.! 66 ! Responders continued 
to receive intranasal desmopressin for up to 
12 months; the dosage was gradually reduced by 
10 ug every 2 weeks once total dryness was 
achieved. In total, 28 children (51%) had a 
positive response to initial therapy and then 
progressed to total dryness with long-term 
therapy, while 8 children (14%) had an initial 
positive response but did not progress to 
total dryness on long-term follow-up. Complete 
weaning from desmopressin required >6 months 
in most patients, and a minimum of 3 months.! 66 ) 

Similarly, the Swedish Enuresis Trial 
(SWEET) assessed the long-term efficacy and 
tolerability of intranasal desmopressin in 
393 children aged 6 to 1 2 years with primary 
nocturnal enuresis.! 63 ! After a 6-week dose- 
titration phase, during which patients received 



desmopressin 20 or 40 ug at bedtime, those 
achieving a >50% reduction in the frequency of 
wet nights (n=242) continued open-label 
treatment (typically with the 40 ug dose) for 
up to 12 months. During dose-titration, the 
median weekly number of wet nights fell from 
4.8 to 1 .0. On completion of the trial, 1 33 of 
the 393 children (34%) had achieved a >90% 
reduction in the number of wet nights, and 
75 children (19%) were completely dry at night. 
The majority of children who became dry reached 
this stage during the first 6 months of treatment. 

Oral desmopressin It is recommended that 
oral desmopressin is initiated at a dosage of 
200 Ug/day, increasing to 400 ug/day if 
necessary. The antidiuretic efficacy of oral 
desmopressin 200 or 400 ug/day is similar to 
that attained with the intranasal formulation 
and provides a useful alternative to the 
intranasal route of administration. 

A dose-response relationship was observed 
in a single-blind study of oral desmopressin 
administered at dosages of 50—400 ug/day in 
1 5 children with nocturnal enuresis. The 
200 ug dosage resulted in a significantly greater 
(p<0.02) number of dry nights than with 
1 00 ug/day, but did not differ significantly from 
the 400 Ug/day oral dosage.! 25 ! However, 

Oral desmopressin (Mlnirin®, 
DDAVP ) therapy should be 
initiated at 200 ug/day and 
increased to 400 ug/day if necessary 



another single-blind, dose-ranging study found 
that a daily oral dosage of desmopressin 
400 |ig was generally somewhat more effective 
than a 200 u.g dose in adolescents with severe 
nocturnal enuresis.! 61 ! A subsequent 4-week, 
double-blind, crossover study in these patients 
(n= 10) reported that oral desmopressin, at a 
dosage of 200 or 400 u.g/day, produced a 
greater reduction in the number of wet nights 
(from 4.7 to 1 .8 per week) than did placebo 
(from 4.7 to 4.1 per week).[«'l 

A 6-week study by Matthiesen et al. found 
oral desmopressin 200 or 400 u.g/day to 
be at least as effective as the maximum 
effective dosage of the nasal spray in around 
50% of enuretic patients.! 64 ! In general, oral 
desmopressin 400 u,g was more effective than 
the 200 u.g dosage. The mean number of wet 
nights was reduced from 5.0 at baseline to 1 .8 
during oral treatment with desmopressin 200 
or 400 ^g/day. Three of the 18 patients who 
were non-responders to oral desmopressin 
achieved a full response with the nasal spray. 
There were no adverse events and no 
tendency towards hyponatraemia with either 
formulation.! 64 ! 

General comments on the treatment of 
nocturnal enuresis 

Today, more is known about nocturnal enuresis 
and research has established various patient 
subtypes. First, enuretics can be divided into 
monosymptomatic bedwetters and those who 
also have daytime incontinence. The latter group 



requires a treatment directed towards their 
bladder dysfunction, whereas the former group 
will probably benefit from desmopressin 
treatment. Through an increased understanding 
of voiding dysfunction in children, a 
differentiated and more optimal treatment of 
bedwetting can be offered. Combined studies on 
bladder function and sleep in children suffering 
from bedwetting have revealed that their 
bladder function is normal and that enuretics 
have a similar sleep pattern to non-enuretics.! 70 ! 

Urinary incontinence and 
nocturia 

Urinary incontinence is a distressing and 
embarrassing condition that is common 
among the general population. There is a 
general increase in the prevalence of urinary 
incontinence with increasing age, and around 
10% of the elderly population living at home 
are thought to be affected.! 7 ') 

Although the actual prevalence of urinary 
incontinence is relatively low in the elderly, up 
to 70% of this group have nocturia and 40% 
micturate more than twice nightly.! 71 ! The 
need to rise in the night to micturate leads to 
sleep disturbances that can affect performance 
the following day.! 72 ! 

Pathogenesis 

Urinary incontinence is generally attributable 
to disorders of bladder storage. One of the 
most common causes of involuntary leakage 
of urine is uncontrolled spontaneous 



contractions of the bladder during filling, 
which is known as 'detrusor instability'. In 
addition to urinary incontinence, detrusor 
overactivity gives rise to symptoms of 
urgency, increased frequency of micturition 
and nocturia. These symptoms may have 
precipitating factors linked to the function of 
the cardiovascular, central nervous, endocrine 
and metabolic systems. 

Patients without the need for nocturnal 
micturition have a daytime urinary output 

Patients with nocturia frequently 
have undetectable vasopressin 
levels 

twice as high as that at night.! 73 ! However, in 
older patients with nocturia, the day:night 
urinary output ratio is reduced, and in such 
patients there is an increased frequency of 
nocturnal micturition. Plasma vasopressin 
is at undetectable levels in many such 
patients.!"] 

From the above, it appears that 
abnormalities of vasopressin production may 
be central to urinary incontinence in some 
patients; desmopressin is therefore a rational 
therapeutic choice in patients with urinary 
incontinence and/or nocturia. By decreasing 
urinary output, desmopressin therefore allows 
patients to have a predictable, reliable period 
of hours free from nocturia and/or urinary 
incontinence. 



Clinical studies 

Studies have demonstrated the favourable 
efficacy and tolerability of desmopressin in the 
treatment of urinary incontinence and/or 
nocturia arising in a number of patient groups. 
In particular, the successful treatment of 
urinary incontinence and/or nocturia with 
desmopressin in patients with multiple 
sclerosis (MS), 80% of whom have neurogenic 
bladder dysfunction, has been reported.! 74 " 77 ] 

Intranasal desmopressin 
Placebo-controlled, double-blind studies 
support the general efficacy and tolerability of 
intranasal desmopressin in nocturia! 78 ] and 
urinary incontinence.! 7980 ] Studies in specific 
patient groups have demonstrated the efficacy 
of desmopressin administration in urinary 
incontinence arising as a consequence of MS 
(as outlined above), prostatic hyperplasia! 81 ! 
and Alzheimer's disease.! 82 ! 

A double-blind, crossover study of 
33 patients with MS compared intranasal 
desmopressin (20 ug on retiring to bed) with 
placebo for the treatment of nocturia. Placebo 
treatment produced little change in frequency 
of micturition from baseline; in contrast, 
desmopressin produced significant reductions 

Desmopressin (Minirin®, 
DDAVP®) therapy is effective in 

the treatment of nocturia in 
patients with multiple sclerosis 
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Baseline Placebo Desmopressin 
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(p<0,OI) in mean nocturnal frequency of 
micturition and voided volume compared with 
placebo (fig. S), with little change in the daytime 
frequency of micturition or voided volume.! 75 ! 

Hilton and Stanton reported that 
desmopressin was effective in patients 
refractory to antispasmodic and evening fluid- 



restriction interventions.! 8 "] This 6-week, double- 
blind, crossover study compared desmopressin 
to placebo in 25 female patients with nocturia. 
Compared with both placebo and baseline 
measurements, nocturnal urinary output and 
frequency of micturition were both reduced 
during desmopressin therapy, with a slight 
increase in diurnal urinary output and little 
change in overall diurnal urinary frequency 
(table 6). 

Another double-blind study assessed 
desmopressin vs placebo in 20 men with 
increased nocturnal frequency of micturition. 

Desmopressin (Minirin®, 
DDAVP®) is effective in patients 
with urinary incontinence who 
are refractory to antispasmodic 
therapy and evening fluid 
restriction 



Tabie 6. Mean (± SD) urinary output and frequency of micturition in a double-blind crossover 
study of 25 female patients with nocturia treated with desmopressin (reproduced with 
permission)? 30 ] 



Nocturnal urinary output (ml) 
Nocturnal frequency of 
micturition (episodes per night) 
Diurnal urinary output (ml) 
Diurnal frequency of micturition 
(episodes per 24 hours) 



438 ±183 
3.2 ±1.4 



789+194 
9.2 ±3.7 



391 ±181 
2.6 ±1.6 



707 ±399 
10.1 ±4.0 



267 ± 97 
1.9± 1.2 



879 ±155 
10.2 + 4.3 



Desmopressin therapy was found to be 
effective in 50% of 18 evaluable patients. 
However, the investigators also reported a 
significant drop in serum sodium concentration 
(141 to 137 mmol/L) and concluded that close 
monitoring of patients (in terms of fluid 
intake) and their serum sodium levels may be 
necessary in desmopressin-treated nocturia.! 83 ! 

Oral desmopressin 

Oral desmopressin (200-800 Hg/day) was 
found to be an effective, well-tolerated 
treatment for daytime urinary incontinence in 
patients with multiple sclerosis.! 77 ! 

A double-blind, crossover study of 
1 7 elderly patients with nocturia compared 
desmopressin (up to 400 ug each night) and 
placebo.!'! After 14 days' treatment, a decrease 
(from baseline) in mean nocturnal urinary output 
was observed with desmopressin therapy 
compared with placebo (-0.7 and -0.1 ml/min, 
respectively). As expected, the duration of 
sleep between micturitions increased by 
around 2 hours during desmopressin therapy. 

IMPORTANT: The latter conditions are not 
among those for which desmopressin is presently 
registered. Further clinical trials will reveal 
information about which specific patient groups 
are likely to benefit from antidiuretic treatment. 

Renal concentrating capacity 
test (RCCT) 

In a number of renal diseases, tubular function 
is reduced before glomerular function is 



affected. A reduced tubular function is 
reflected by a reduced capacity of the kidney 
to concentrate the urine, i.e. by a reduced 
response to vasopressin. To this end, the 
water deprivation test, with or without 
injection of Pitressin® (vasopressin) is widely 
used for measuring renal concentrating 
capacity.! 84 85 ! However, water deprivation for 
16-24 hours is inconvenient and even harmful 
to already dehydrated patients. In addition, 
misleading results can sometimes be obtained 
as a result of non-compliance with test 
protocol, e.g. if the patient has been drinking 
during the test. Therefore, it is more rational 
to stimulate the renal V 2 receptors directly 
with an exogenous V 2 agonist such as 
desmopressin. Administration of vasopressin 
will stimulate renal concentrations of urine in 
the same manner as desmopressin, but the 
latter agent is preferable as it is devoid of the 
intestinal and vascular constricting effects of 
vasopressin. 

This was substantiated by Aronson and 
Svenningsen, who introduced desmopressin for 
testing renal concentrating ability in children 
and found it advantageous in comparison with 
both water deprivation and Pitressin®.! 86 ! 

Desmopressin (Minirin®, 
DDAVP®) followed by a test of 
urine osmolality is a reliable and 
simple method for estimating 
renal concentrating capacity 



There are four main indications for testing 
the renal capacity to concentrate urine: 

• urinary tract infection 

• polyuria/polydipsia 

• lithium treatment 

• analgesic-induced renal dysfunction. 



Table 7. Mean age-adjusted reference values for 
renal concentrating capacity following intranasal 
desmopressin 40 ug or subcutaneous desmopressin 4 ug 



Lowest acceptable maximum 
urine osmolality (mOsm/kg) 



Application of the RCCT 
One hour after desmopressin administration, 
the bladder is emptied; urine osmolality is 
determined in two samples 3 — 5 h later.t 87 ! A 
number of age-adjusted reference values 
(lowest acceptable maximum urine osmolality) 
have been adopted for renal concentrating 
capacity following the administration of 



700" 
600" 



« Based on tests in 473 healthy volunteers 
" Based on tests in 225 healthy volunteers 



abnormal. I 89 ! Fluid restriction is 



>t considered 



desmopressin (table 7; fig. 6). In general, if the necessary for accurate test results, but there is 
maximum osmolality is <700 mOsm/kg the a risk of water intoxication with excessive fluid 
renal concentrating ability is considered intake.! 90 ! 
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Indications for the RCCT 

Urinary tract infections 

Concentrating capacity is the first parameter of 
renal function to be impaired in children with 
chronic pyelonephritis. Thus, the RCCT 
provides a simple and practical method for 
the estimation of renal impairment in such 
patients. It is also recommended in the follow- 
up of children with urinary tract infection.!"] In 
addition, desmopressin has been used for 
10 years in Scandinavia to determine the 
extent of urinary tract infection. Normal 
concentrating capacity indicates that the 
infection is limited to the lower urinary tract, 
whereas a reduced concentrating capacity 
suggests that the kidneys are involved. 

Investigation of polydipsia/polyuria 
The RCCT can be used to distinguish between 
psychogenic polydipsia and the two forms of 
diabetes insipidus. A considerable reduction 
in renal concentrating capacity is seen in 
nephrogenic diabetes insipidus, a moderate 
reduction indicating psychogenic polydipsia and 
a normal renal concentrating capacity being 
observed in patients with central diabetes 
insipidus. 



Detection of renal impairment in patients 
receiving lithium 

In a small proportion of patients receiving 
long-term lithium treatment there exists a 
partly irreversible reduction in distal and 
collecting tubule function,! 92 ! and thus a 
reduced capacity to concentrate urine.!' 3 ) 
There may also be reductions in vasopressin 
secretion. The desmopressin RCCT is a 
suitable method for testing renal concentrating 
capacity in lithium recipients and is as effective 
as fluid deprivation.!' 4 ] Tubular function of 
1 24 lithium-treated patients, as measured 
with the desmopressin RCCT, was below 
normal in 51% of patients in a study by Bendz 
et al.! 95 l However, glomerular function was 
below normal in only 3% of patients, indicating 
that the RCCT is a more sensitive test of 
renal dysfunction than a test of glomerular 
function. 

Early detection of renal dysfunction caused by 
analgesics 

Around 5% of patients with terminal renal 
insufficiency have analgesic nephropathy, and 
the RCCT has proved useful in the early 
diagnosis of renal dysfunction caused by 
analgesics.! 96 ! 



Clinical safety 



Clinical experience has shown desmopressin 
(Minirin®, DDAVP®) to be safe and well 
tolerated. During the 20 years of clinical 
experience with desmopressin, few adverse 
events have been reported when the drug is 
used in accordance with the manufacturer's 
recommendations. Besides infrequent cases of 
water intoxication, desmopressin is virtually 
free of serious adverse effects! 36 ] and has been 
associated with no abnormalities in routine 
laboratory tests.t 60 66 6 '] Among the non-serious 
adverse drug reactions experienced with 
desmopressin, nasal symptoms dominate. There 
are also occasional gastrointestinal symptoms, 
including nausea and abdominal pain. 

Clinical experience has shown 
desmopressin (Minirin®, DDAVP®) 
to be well tolerated 



Acute water intoxication is a rare 
complication of desmopressin therapy and is 
likely to occur only in patients who fail to 
reduce their water intake.! 97 ! 

To reduce the risk of fluid 
retention, desmopressin 
(Minirin®, DDAVP®) 
recipients should control their 
fluid intake 

Although patients could be instructed to 
limit fluid intake to no more than 30 ml/kg for 
a period of 2 hours before to 12 hours after 
taking desmopressin,! 98 ! a more practical 
recommendation might be to abstain from fluid 
intake for 8 hours after the medication or to 
take fluid only for the purpose of satisfying 
thirst. 
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Successful transdermal administration of 
therapeutic doses of a polypeptide to 
normal human volunteers 

The human stratum comcuni constitutes a relatively impermeable barrier to the transdermal absorption 
of most substances, including polypeptides and proteins. This double-blind, randomized, crossover study 
in 13 normal men evaluated whether a low level of electrical current could induce changes iu cutaneous 
permeability sufficient to produce absorption of a polypeptide. We compared cutaneous absorption of 
5 mg of leuprolide (a 9 amino acid luteinizing hormone releasing hormone analogue) in transdermal 
patches containing 0.2 mA electrical current (active) and in patches containing no electrical current 
(passive). Serum luteinizing hormone (LH) concentration was measured 1 2 times during an 8-hour period 
as a measure of drug effect. Similar baseline LH levels were seen in each group: active = 11.3 ± 3.1 
mlU/ml and passive = 13.7 ± 4.7 mIU/ml (p not significant). Significant elevations of LH were seen 
in active compared with passive patches (p = 0.0084). As predicted, passive patches produced no elevation 
of LH concentration (LH = 11.8 ± 7.1 mIU/mlat4hours).However,activepatchesproducedelevarions 
comparable to those achieved with subcutaneous administration of the drug (LH = 56.4 ± 49.6 
mlU/ml at 4 hours and p = 0.003 compared with passive). The patches were well tolerated without 
significant cutaneous toxicity. It is concluded that the use of low levels of electrical current can induce 
changes in the permeability of the stratum corneum. These changes are sufficient to promote the 
transdermal absorption of therapeutically relevant amounts of a polypeptide. This has major importance 
for our understanding of skin permeability and for the development of new techniques for drug 
administration. (Clin Pharmacol Thbr 1988;44:607-12.) 

B. Robert Meyer, MD, Willie Kreis, MD, PhD, James Eschbach, BA, 

Vivian O'Mara, RN, Sanford Rosen, and Dan Sibalis Manhasset and New York, NT., and 

East Millstone, N.J. 
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The human skin is a complicated and multifunctional 
organ. It is a chemical barrier separating the external 
environment and the internal organs of the individual, 
a mechanical barrier to the entrance of microorganisms, 
the site of thermoregulation, a sensory end organ, and 
an important endocrine organ.' The barrier function of 
the skin is located in the stratum corneum of the epi- 
dermis. This layer is 15 to 20 cells thick and is resistant 
to penetration by most chemical compounds. Although 
there has been investigation into the permeability char- 
acteristics of the stratum corneum and the role of ex- 
tracellular lipids in the maintenance of this barrier, our 
understanding of the mechanisms by which the barrier 
function is maintained remains incomplete." 

An increased appreciation of [he potential advantages 
of the transdermal route of administration for drugs has 
led to renewed interest in this area. Transdermal ad- 
concentration-time profile of medications with narrow 
therapeutic windows, thereby limiting toxicity and im- 
proving efficacy, It may provide greater ease of ad- 
ministration and improve patient compliance, it may 
also provide the only practical means for outpatient 
administration of a variety of medications with exten- 
sive gastrointestinal degradation or hepatic first-pass 
metabolism. 10 ' 12 

The problem of oral administration is particularly 
. dramatic in the case of polypeptides or proteins, where 
the only currently available technique for administration 
is parenteral administration by injection or intravenous 
infusion. Attempts to develop alternative routes of ad- 
ministration (principally nasal or buccal administration) 
have been undertaken. To date, success with these 
routes has been limited. Only one compound (DDAVP) 
is currently available in such a delivery system. 13 

We undertook this study to evaluate the effect of low 
levels of electrical current on the barrier function of the 
skin and to assess the effect of this current on the trans- 
dermal absorption of a polypeptide. Because of its 
safety, and the ease of assessing appropriate biologic 
effect, we chose to use lcuprolide (Lupron) as a model 
polypeptide for this study. 

METHODS 

This study was designed as a double-blind crossover 
study. Normal male volunteers were studied on 2 days, 
1 week apart. On the first study day, subjects were 
randomized to receive either a patch containing elec- 
trical current (active patch) or an identical-appearing 
patch that did not contain electrical current (passive 
patch). On the second study day, subjects were crossed 
over to receive the opposite arm of the study. 



Volunteers were required to provide a complete med- 
ical history and to undergo a routine physical exami- 
nation. Exclusion criteria for the study included the 
presence of any malignancy other than localized cuta- 
neous malignancies, a history of major cardiovascular 
disease, significant pathologic dysfunction of any organ 
system, a history of sexual dysfunction, pituitary dis- 
ease, or significant cutaneous disease. Before accep- 
tance to the study all volunteers were also required to 
obtain a complete blood count, biochemical profile, 
urinalysis, and ECG. All volunteers were required to 
give written, informed consent for participation in the 

This study was conducted under an IND granted by 
the Food and Drug Administration and was approved 
by the institutional review board of North Shore Uni- 
versity Hospital. 

All patches were prepared by Drag Delivery Systems 
Inc. The patches are approximately 70 cm 2 and contain 
an intrinsic power source supplied by small disk bat- 
teries, a resistance system to limit current, electronic 
conditioning components, and two drug reservoirs. 
Patches containing electrical current have one drug res- 
ervoir at the positive and one at the negative electrode. 
On application to the skin, the electrical circuit is com- 
pleted. Active patches designed to deliver 0.2 mA cur- 
rent were provided. The batteries provided 9V. Passive 
patches were identical in design with the exception that 
appropriate wiring connections to complete the electri- 
cal circuit were not made. The two types of patches 
were indistinguishable on routine visual examination. 

Patches were provided to the investigators in enve- 
lopes containing two patches (one active and one pas- 
sive). Each patch was numbered, and the envelope 
specified one patch as being for study day 1 and the 
other as being for study day 2. One half of the envelopes 
contained active patches for study day 1 and one half 
contained active patches for study day 2. The investi- 
gators were not aware of the order of study for any 
particular envelope. After receiving the envelopes from 
Drug Delivery Systems, one of the investigators 
(B. R. M.) randomly assigned each envelope to a par- 
ticular volunteer. The code was not broken until the 
completion of the study. 

On the day of the study the patches to be used that 
day were removed from their envelopes and prepared 
as follows: (1) 1 ml (5 mg) of commercially available 
leuprolide solution (Lupron, 5 mg/ml) purchased from 
TAP Pharmaceuticals (North Chicago, 111.) was added 
to the reservoir of the positive electrode; (2) 3 ml so- 
dium phosphate buffering solution was added to the 
reservoir of the negative electrode. 
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Fig. t. Mean serum LH concentrations in active vs passive patches. 



On the day of study routine vital signs were obtained 
in all subjects followed by the placement of a heparin 
lock. After obtaining baseline blood specimens for the 
determination of luteinizing hormone (LH) and testos- 
terone levels, a patch was applied to the volar surface 
of the contralateral arm in each subject. Care was 
taken to avoid any area of skin with abrasions or other 
evidence of disruption of normal skin architecture. 
All patches were held in place by a peripheral coat- 
ing of tape and by wrapping with a gauze or ace 
bandage. 

After application of the patch, specimens of blood 
were obtained from all subjects through the heparin lock 
30, 60, 90, 120, 150, 180, 240, 300, 360, 420, and 
480 minutes after application. Specimens were allowed 
to clot and were then centrifuged. Serum was then as- 
pirated and frozen immediately for subsequent deter- 
mination of LH and testosterone levels. After the com- 
pletion of the final blood drawing, the patch was re- 
moved and the skin examined for evidence of injury 
"from the patch. 

Serum was subsequently analyzed in the central Nu- 
clear Medicine Research Laboratory at North Shore 
University Hospital for serum LH and serum testoster- 
one concentrations. Serum LH concentrations were de- 
termined with the Amerlex LH RIA kit (Amersham 
Corp, Arlington Heights, 111.). This assay has a sen- 
sitivity of 2.0 rnlU/ml. Intraassay coefficient of vari- 
ation is 4.6%, and interassay coefficient of variation is 
10.2%, Cross-reactivity with thyroid-stimulating hor- 
mone is 3.8%. Serum testosterone concentrations were 
determined with the DSL testosterone kit (Diagnostic 



Systems Laboratories, Webster, Texas). The assay has 
a lower limit of sensitivity of 0.02 ng/ml and intraassay 
and interassay coefficients of variation of 8. 14% and 
8.09%, respectively. Cross-reactivity with dihydrotes- 
tosterone is 8.6%, and androstanedione reactivity is 
. 1.6%. Counting was performed on a Packard Minaxi 
5000 gamma-counter (Packard Instrument Co., Inc., 
Downers Grove, 111.). 

Statistical analysis. Data were analyzed by a 
repeated-measures ANOVA with SAS software oper- 
ating on an IBM PC. Data at individual time points 
were also analyzed by a paired t test for the comparison 
of means. Because of the performance of multiple com- 
parisons, a level of significance of 0.005 (one tailed) 
was required. 

RESULTS 

Thirteen normal human volunteers were successfully 
recruited for the study. All subjects who began the study 
completed it successfully. After the termination of the 
study, one active patch was noted to have cracking of 
the electrode and subsequent loss of electrical current. 
All other patches appeared to be functional. 

Serum LH concentrations. Mean serum LH con- 
centrations for all subjects are shown in Table I and 
Fig. 1. Serum LH concentrations with active patches 
were elevated significantly compared with those of pas- 
sive controls by 120 minutes (p < 0.005) and remained 
significantly elevated for the duration of the study. Val- 
ues obtained at 60 and 90 minutes closely approached 
statistical significance, suggesting that therapeutic ef- 
fect may even be seen at this point. Passive patches did 
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Table I. Mean serum LH concentrations 



Table II. Mean se 



21.7 ± 12.3 

26.0 * 15.8 
28.7 ± 18.9 

36.1 ± 25.6 
47.9 ± 42.0 
56.4 ± 49.6 
61.0 ± 53.7 
56.6 ± 47.5 
55.4 ± 50.8 



493 ± 144 
511 ± 130 
508 ± 155 
557 ± 154 



>e baseline LH 



ANOVA showed very highly significant differences 
between active and passive patches, with p = 0.0084. 
This analysis included the single subject in whom crack- 
ing of the electrode was noted 11 th - ibj ct \\< - t ■ 
eluded from the analysis, the values became even more 
significant (p = 0.0060). 

Serum testosterone concentrations. Mean serum tes- 

activ'e and passive patches are shown in Table II. No 
significant differences between active and passive 
patches were seen. 

Toxicity. Ail subjects tolerated the study well . Three 
individuals (two active and one passive) noted the pres- 
ence of a mild tingling sensation over the area of the 
patch. In one case the presence of this sensation led the 
individual to request that his patch be removed 10 min- 
utes before the completion of the study. No evidence 
of cutaneous injury was noted at the time of patch 
removal. 

The skin under both active and passive patches ap- 
peared to be well hydrated, although this was more so 
in the active than in the passive patches. Mild erythema 
at the site of the patch was noted in six of 13 subjects 
while receiving the active patches and in one of 13 
subjects while receiving the passive patches. No subject 
had any evidence of blistering, burning, or other sig- 
nificant cutaneous damage. In all circumstances this 
erythema resolved rapidly without sequelae. 

DISCUSSION 

The skin serves as an effective barrier between the 
external environment and the internal organ systems of 



the body. The principal location of this barrier function 
is in the most superficial layer of the epidermis, the 
stratum corneum. Gradual stripping away of the stratum 
corneum produces gradual increase in skin permeabil- 
ity." The stratum corneum has a relatively low water 
content (approximately 20%) and is rich in both intra- 
cellular and extracellular lipids.' 2 Diseases that specif- 
ically alter the lipid content of the stratum comeum 
produce alterations in transdermal absorption, which 
reverse with correction of the deficit. *•* 

The potential advantages of transdermal administra- 
tion of medication have been well recognized, and sev- 
eral transdermal medications have been developed. 
Nonetheless, the characteristics of the stratum corneum 
have limited the transdermal administration of medi- 
cations to a relatively small number of molecules having 
excellent potency (necessitating the delivery of only 
small amounts of medication for therapeutic effect), 
excellent solubility in both oil and water, and a rela- 
tively large and constant toxic-therapeutic ratio. 13 At- 
tempts to alter the stratum corneum by the use of en- 
hancers such as Azone or the esters of long-chain fatty 
acids have produced improvements in transdermal ab- 
sorption but have not yet provided the predictability, 
reproducibility, and safety that allow extensive clinical 

The use of an electrical current to induce transdermal 
absorption of a drug has been investigated previously. 
Attempts to use iontophoresis have not been widely 
successful. The levels of current involved have been 
prohibitively large, and the compounds studied have of 
necessity been high molecules 1 

lower levels of electrical current (below those used in 
iontophoresis) hd been reported [ >i nl n , 
ited animal studies" but has not been investigated in 
human beings. 
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The possibility of avoiding gastrointestinal degra- 
dation and hepatic first-pass metabolism makes the 
transdermal route particularly attractive for compounds 
with extensive degradation during oral administration. 
This is especially true for proteins and polypeptides, 
where parenteral administration by intravenous infusion 
or intermittent injection has been a necessity. Attempts 
to circumvent this problem by the use of alternative 
routes, including intranasal administration, have met 
with only limited success.' 3 As polypeptides and pro- 
teins become more important parts of our therapeutic 
armamentarium, it would be a major therapeutic ad- 
vantage to have a technique for safe and effective trans- 
dermal administration. 

Leuprolide is a useful agent lor use in the evaluation 
of transdermal administration of peptides. It is a syn- 
thetic 9 amino acid luteinizing hormone releasing hor- 
mone (LH-RH) analogue (molecular weight 1209.41), 
differing from LH-RH by the presence of the D-isomer 
of leucine at position 6, and the presence of an ethyl- 
amide group in place of glycine at position 10 (see 
Fig. 2). The compound is extremely safe for single- 
dose administration, 10 and its biologic effect (the 
elevation of serum LH concentration) is rapid and 
easily measurable. The compound is approved in the 
United States for the hormonal treatment of metastatic 
prostatic carcinoma, where it is given by daily injec- 
tion. 2 ' Other potential uses for this class of compounds 
have included the management of benign prostatic hy- 
pertrophy," the treatment of infertility, 2 ' and contra- 
ception. 24 Most of these potential indications would 
require the development of an alternative to daily in- 
jection therapy. 

This study clearly demonstrates the ability of low 
levels of electrical current to effectively alter stratum 
comeum permeability and to induce successful trans- 
dermal transport of leuprolide in normal human vol- 



unteers. The elevations in serum LH i 
seen with the active patches are significant as early as 
120 minutes and may well be demonstrated to be sig- 
nificantly elevated above baseline as early as 30 minutes 
after patch application. The magnitude of the elevations 
of LH produced by the active patches is in a range that 
should be adequate for therapeutic effect of the drug 
and is comparable to that achieved by subcutaneous 
administration of the drug. 

The variable magnitude of the LH response noted in 
the study, as evidenced by the large standard deviations, 
may reflect either variability in absorption of leuprolide 
or variability in LH response. If the three subjects with 
the most dramatic LH response are excluded from the 
study, the standard deviation becomes less dramatic, 
but the differences between active and passive patches 
remain significant (p < 0.01). In the absence of data 



definitive way to differe 



:e these possibilities. Un- 



fortunately, an accurate technique for the determination 
of leuprolide concentrations is not generally available. 

This study did not document any changes in serum 
testosterone concentration in either the active or passive 
systems. This is not surprising given the length of the 
study and the time course of testosterone response to 
elevation of LH. 

In contrast to the active patches, no significant 
changes in serum LH concentration were seen with the 
passive patch system. This confirms prior wisdom that 
passive delivery of a polypeptide such as leuprolide 
across the skin is not achievable. The patches appeared 
to be well tolerated by the volunteers, as evidenced by 
the absence of significant injury to the skin, blistering, 
or other reaction suggesting injury. 

The mechanism of the transdermal transport of leu- 
prolide observed in this study needs further investiga- 
tion. The level of electrical current used and the chem- 
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ical structure of leuprolide make it very unlikely that 
iontophoretic absorption is occurring. It seems most 
likely that the absorption occurs by the process of elec- 
troosmosis, in which the movement of water in an elec- 
trical current leads to the secondary How of solutes. 
Further studies will clearly be necessary to elaborate 
this mechanism. Our study does not rule out the pos- 
sibility that the electrical current itself caused the ele- 
vation of LH that we noted. However, we are aware of 
no evidence that local application of low levels of elec- 
trical current is able to induce a rise in LH. Wc therefore 
consider this possibility unlikely. 

The current study constitutes the first report of the 
transdermal administration of therapeutic doses of a 
polypeptide to humans. It provides new information 
concerning the process of transdermal absorption and 
raises exciting new possibilities for advances in phar- 
macologic therapeutics. 
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